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microwave antenna is typically 
time consuming and laborious. For 
some time, workers in this field 
have felt a need for a continuous 
non-manual means of performing 
this operation. The extensive mi- 
crowave activities of its Research 
and Development Laboratories 
have created at Hughes a special 
interest in such automatic pattern- 
measuring equipment. 

The first automatic machines 
that were at all accurate were of 
the fixed location type and weighed 





the correct shape of reflectors and 
the proper location of feeds. The 
development of such improved lab 
oratory tools is an interesting by 
product of a large research activity, 
such as that conducted by the 8500 
men and women of the Hughes Re- 
search and Development Labora 
tories. 
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vr Science and Technology ~~ 


(From the Month’s News Releases) 


Camper’s Delight 


Plastic sheeting made into folding water buckets, 
drinking cups, wash basins, and dishpans for campers 
will reduce the pack load. The drinking cup can be used 
for hot coffee, and the bucket, equipped with handles, 
can be used for a number of things besides water. A 
plastic hot or cold carry-all designed for picnickers 
might also be used by campers, as it will keep food cold 
for about 15 hours. Up to a dozen 12-ounce bottles and 
to refrigerate them, up to 12 quarts of hot 
soup or other food 
300-400 ice cubes may be carried. 


the ice 


warm in suitable containers, or 


Operation Flare 

The Army Engineers, in cooperation with the Army 
Map Service, have successfully tested a new, rapid 
method that makes use of airborne stations to supply 
basic data for mapping and field artillery fire control. 
An airplane equipped with signal lights and flares pro- 
vides visual targets for ground parties carrying theod- 
olites. Cameras photograph the horizontal angular 
reading of the instrument while tracking the light or 
flare, and simultaneous readings from three fixed, known 
locations and three unknown are made by tripping the 
shutters at the same instant by remote control in the 
plane. By trigonometric computation the data are ex- 
tended to the unknown locations. 


Packaged Doors 

A door and frame unit that can be hung by even a 
semiskilled carpenter in about 20 minutes is adjustable 
for wall thicknesses from 4% to 51% inches and comes 
in all standard door sizes. A packaged roller door unit 
has two revolving roller guides operating in a head 
track, thus doing away with hard-to-install, noisy over- 
head tracks. It comes in a wide variety of woods, two 
standard widths. Floor tracks are not 


styles, and 


required, 


Deodorizer 


A small lamp that emits about three times more 
ozone-producing ultraviolet than previous deodorizing 
lamps quickly eliminates unpleasant odors from cooking, 
smoking, dampness, mildew, and_ perspiration. The 
1/y-w, 12-v bulb lasts six months when operated 24 
hours a day from a standard 110-v, single-phase, a-c 
source. Suitable fixtures built-in 
control device to limit current and voltage are available. 


wall containing a 


High-speed Copying 

An electronics engineer has developed a_ special- 
purpose cathode-ray tube for use in applications  re- 
quiring high-speed visual presentation of information 
on a direct-viewing screen or permanent reproduction 
low-cost material. 


on ordinary newsprint or other 


Among general applications are the data conversion 


and tabulation of analog or digital informa 
speed communications, monitoring and ny 
play equipment, and computer read-out. 

A photographic system still in the resear 
ment stage involves the use of a paper mati 
with a slow but light-sensitive emulsion. In 
unit, three 


ready-to-use copies of a letter were made 


stration of the experimental 


seconds. 


Handmade Paper 

Teachers of chemistry, printing, industrial 
occupational therapy, and the arts will be 
in a packet illustrating how to make paper by hand 
A 5” 7” piece of Fourdrinier paper machine wire 
is included, for use in the construction of a mold. 
which is a simple hammer-and-saw woodworking 
project. Ordinary kitchen utensils are the only other 


equipment necessary. Packets are 25¢ each. 


New Body 

A low-cost automobile body, molded in one piece of 
0.2” thick plastic, weighs only 185 pounds in a custom 
sports design. After a 3000-mile cross-country road test, 
a demonstration exhibited at the National 
Plastics Exposition in Philadelphia in March. Dent- 
present 


car was 


and dustproof, it is at available in only 


one design, which will fit a frame with a 100 


,, 
wheel- 


base. 


Dental Research 

Erling Johansen, fellow in dentistry at the Univer- 
sity of Rochester School of Medicine and Dentistry, 
has developed an instrument that painlessly immobilizes 
small experimental animals such as rats, guinea pigs, 
and hamsters so that dental make 
close-up photographs of the minute processes of dental 


researchers can 


decay and periodontal diseases. It also makes possible 
the controlled application of chemicals to teeth and 
accurate studies of effects of toothbrushing. Although 
the new instrument is simple and inexpensive, manipu- 
lation requires training. 

North American Philips Company 
a nylon angulator that holds X-ray film flat in the 


mouth. No more dentist’s thumbs in your mouth, the 


is distributing 


company says. 


Yum-Yum—Fall Raspberries 
“September” is the name given to a new fall-beari 
raspberry developed at the New York State Agricultu! 


Experiment Station, Geneva. Not only does t! 


bear fruit during the regular summer season, 


in the fall another crop may be gathered. I! 


Address a post card to Science and Technology, 1515 M 
Ave., N.W., Washington 5, D. C., for further informat 


any item on pages iv and v. 
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Precision Cleaning 
e designed for cleaning every kind of in- 
ith small or large delicate parts, has been 
the manufacturers of a watch-cleaning ma- 
se is recommended for cleaning time-clocks, 
), television, typewriter, and screw machine 
bearings. It will also accommodate the new 


meters without disassembling the entire 


Portable Filter 


ple-to-operate demineralizer consists of a 6-, 
oz polyethylene bottle with a blended filter 


did it first (cf. Sci. Monthly, 62, 335 [1946] 
15, five hundred years ago, the versatile and in- 
renius Leonardo da Vinci was born in the little 
Vinci. The great Italian painter, sculptor, archi- 
engineer designed innumerable mechanical de- 
ny of them seeming to foreshadow later inven- 
nong them was an aerial screw, with motive 
be supplied by a spring-driven mechanism to 
the manner of modern clockwork (left above 
trivance for lifting weights, reminiscent of pres- 
utomobile jacks (right). In 1938 the city of 


ld an exhibition of full-scale reconstructions 


neck like a 


with ordinary tap 


materials inserted in the 


the bottle is filled 


of deionizing 
When 


water, one quick squeeze produces a stream of pure 


st ypper. 


equal, so the manufacturer says—to that pro- 


water 
duced by triple distillation. The special filter, which 
changes color when it has been consumed, will produce 
up to 20 gallons of pure water, depending on local con 


ditions. It’s inexpensive 


Color Service 


Monsanto Chemical Company's Plastics Division has 


retained Faber Birren, New York color authority, to do 


color research, especially the investigation of publi 


buying trends and sales records. From his research, 


Monsanto will distribute to molders and fabricators 


periodic reports on color trends, with special studies 


on color problems for particular groups of products 


made from Leonardo’s original drawings, and the follow- 
ing year some of the models were displaye d at Rockefelle1 
Center. When World War II broke out, the exhibition 
was shipped to Japan, where it was eventually destroyed 
Roberto Guatelli, noted da Vinci 
scholar, under whose supervision the replicas were mad 
had accompanied the exhibit to Japan. After his return 
to the United States he constructed new, small-scale, 
working models from the original plans. This exhibit has 
been acquired by International Business Machines Corpo- 
ration and is now being shown throughout this country 


by enemy bombs 


( 


and abroad 
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A quick setting of the coarse adjustment 
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...then a// controls are operated with 
the hands at rest on the table. Fine ad. 
justment is controlled by a knob onl; 
three inches above the table top; critical 
focus is more quickly, more easily 
achieved, with the operator completel; 
relaxed. The hand moves easily from fine 


adjustment to mechanical stage knobs. 


Comfort and convenience have influenced 
Dynoptic design throughout — provid- 
ing the fatigue-free operation necessary 
for more thorough examinations over 
prolonged periods—assuring full benefit 


of the finest laboratory microscope ever m ade. 


WRITE for a free demonstration and com- 
plete catalog literature. Bausch & Lomb 
Optical Company, 771-14 St. Paul Street, 
Rochester 2, N. Y. 


Nott Olrtiat 


THE WORLD’S FINEST, LABORATORY MICROSCOPES 
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ESIOn the Nature of Scientific Law 


istment 
ae LAURENCE J. LAFLEUR 
ine ad Dr. Lafleur has contributed several articles to THE Sc1ENTIFIC MONTHLY during 
the past ten years, the latest of which appeared last November (“Cranks and 
Scientists,” 73, 285). The biographical notes accompanying that paper no longer 
on apply in one important particular: Formerly associate professor of philosophy 
critical in Florida State University, Dr. Lafleur has recently become head of the Depart- 
ment of Philosophy at the University of Akron in his native state of Ohto. 


b only 


2asily 
pletely HE earliest concept of what we now think called logos, from which both our name and our 
of as scientific law is to be found among concept of logic were derived. The most important 
the early Greeks. Its occurrence then was application of the notion of /ogos is to time, where 
knobs. Moi the greatest historic importance, since it dif- the Greeks supposed that earlier events gave rise 
ferentiated the Greeks as philosophers or scien- _ to later events in a pattern called cause and effect, 
enced tists from the mythologically or pragmatically and that the patterns or laws of causation them- 
selves form a hierarchy, general laws being sub- 


om fine 


rovid- f§minded peoples who preceded and surrounded 
them. The spark they struck has remained alight sumed under still more general, just as individual 
for twenty-five centuries and has extended to more events are subsumed under the former until at 
last all laws are seen to be derived from a single, 


‘essary 
» Over Band more people until it is now shared by almost 
allmankind. This Greek concept was that the uni- 
verse had a plan or pattern. To say that the uni- 
made. erse has a pattern is to say that it is rational, and 


renefit all-« mbrac ing principle. Thus the ( rreeks laid down 
the two fundamental characteristics of all scientific 
investigation: the empirical investigation of the 


that every part of it fits into some over-all system; relationship of events in time, and the ascription 


to say that it has a plan is to suggest that its pat- 
tem was consciously contrived by a superhuman __ possible generality. 

Lomb @#being, and instead of a universal system we may The Roman and medieval periods added little to 
! a universal scheme in the mind of this _ scientific knowledge but had some contribution to 
being. To the Greeks, law might be either of these make to the concept of law. Law came to be 
thought of quite definitely as plan and not as pat- 


bie of these events to principles, or laws, of the widest 
Cc . 


street, 


s, plan or pattern. 
dition, the Greeks made another distinc- tern, and the plan existed in the mind of an omnis- 


far as the over-all pattern was thought of | cient and omnipotent God. Hence the analogy 


ultaneously presented whole, systematic 
dness like that of a painting or a cathe- pronounced, and natural laws become thought of 
as legislated by God as legal regulations are en- 


with a plan in the mind of a human ruler becomes 


vas called nous, or reason. Insofar as it 
acted by a legislature. This notion became so thor- 


ight of as involving direction, as in the 
oughly accepted that eventually it could be used 


onclusions derived from premises, it was 
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as an argument for the existence of God: where 
there are laws, must there not be a lawmaker? 
Once freed from the restrictions upon the concept 
of law prevalent in medieval times, it becomes ob- 
vious that the parallel between natural law and 
legislative law is a superficial one. A natural law 
describes what does in fact take place, a legisla- 
tive law prescribes what the legislators wish to take 
place. A legislative law may be violated: a natural 
law never, for every so-called violation of or ex- 
ception to a natural law is, properly considered, 
merely an exemplification of it. Finally, a legisla- 
tive law carries a penalty for its violation, and the 
penalty itself may be avoided, whereas natural law, 
being impossible to violate, has no such penalty 
except insofar as one inaccurately thinks of un- 
pleasant effects as the penalties for injudicious 
behavior, and these effects are unavoidable when- 
ever the causes necessary to produce them have 
occurred. 

Another way in which the medieval concept of 
natural law differs from the modern is that natural 
law was thought of as purposeful rather than as a 
blind vis a tergo. The universe, that is, was organ- 
ized in terms of the purposes of God, and as these 
purposes revolved about the good will and destina- 
tion of human souls, the position of matter was dis- 
tinctly unimportant and subordinate. Thus it was 
not merely unprofitable to study the physical sci- 
ences, it might be in large measure impossible, for 
whenever the nature of matter produced a result 
contrary to the purposes of God, it was logical, 
and in a sense natural, that a miracle should occur. 
If miracles are sufficiently common, they may pre- 
vent the kind of scientific observation and success- 
ful prediction necessary to establish physical laws. 


Modern Concepts of Natural Law 

The modern concept grows out of the medieval 
by revolt, inspired in part at least by the rediscov- 
ery of Greek ideas. The characteristics ascribed to 
natural law in the first part of the modern period 
may be divided, more or less arbitrarily, into the 
following: natural law is thought to be universal, 
unitary, simple, self-evident, accurate, meaningful, 
and merely rational. 

In saying that natural law is universal, we mean 
that the same laws apply in all places and at all 
times. To us, today, such a belief seems so inevitable 
that it is hardly worth mentioning, yet it was not 
always believed. Consider, for example, Swift’s de- 
scription, in Gulliver's Travels, of the island of 
Laputa, which floated over Balnibarbi by a law of 
nature that was peculiar to that region. Such a 
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notion is fairly representative of the 
ploration, when nothing in a new land 
prise a traveler, who could report ney 
chemical, or geological laws as readily 
biological species. Only a century ago, E 
Poe was supposing that the water at the § 
obeyed different laws than elsewhere, a: 
fiction today offers many illustrations of 
idea. To turn from literature to scien 
not so long ago that astronomers were 
whether the chemical elements known 
isted elsewhere than on earth, and even a 
troscopic investigations began to give us ai 
tive answer, some doubts were engende) 
discovery and pseudo discoveries of helium, 
nium, and nebulium. That natural laws m 
with time is an ancient notion indeed: 
periods with contrary laws were proposed 
pedocles in the fifth century B.c., in 
same way as by Edgar Allan Poe in 1840, o 
by occasional astronomers and _ physicists. 
When that natural law is unitary 


we Say 


mean that all laws are ultimately reducible to on 


so that the progress of science consists largely 


the a large number of laws to 


reduction of 


smaller number. The best known and historical 
the most important case is Newton’s combinatio1 
of Kepler’s laws of planetary motion and Galileo’ 
law of falling bodies into the law of gravitatior 
although it was twice anticipated by Descartes, in 
his union of algebra and geometry into analyt 
geometry, and in his reduction of heat to the me- 


1 


chanics of particles. Combinations of this type hav 
been made throughout the history of modern sc- 


ence, and continue to be made: Einstein rec 


proposed a project to reduce all the laws of physies 


to one. 
In the early part of the modern period it ' 
were 


understood that natural laws 


nuy 


simple. For 


example, many laws state that one quantity vari 


directly or inversely as another, or as the squat 


or other integral power of another. Another fav 
ite form of law is one that asserts that events hap- 
pen in such a way that a given quantity is ma\!- 


mized or minimized, and the mcst comm 


of all asserts the equality of two values, as t! 


conservation of mass, energy, or angulat 


tum. If laws must be simple, it is possible to est: 


mate the probability of scientific hypotheses 


advance of experimentation. Let us assume, %0! 


example, that we know that light can be 1 
but have no knowledge of the laws of 1 
We can list possible laws, in order of descend 


) 


probability, as follows: first, the angle of the 1 
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might be independent of that of the 

iy, and be always perpendicular to the 

aie cond, it might occur in a plane through 
nt ray perpendicular to the surface, and 
the angle of reflection is a fixed multiple 
zle of incidence, the most probable mul- 
ig unity; third, it might occur in this 


the inc! 
such that 
ol the a! 


tiple be il e 
slane so that the angle of reflection is a fixed mul- 


tiple of the complementary of the angle of inci- 
dence, the most probable multiple again being 
one: fourth, the multiple involved in either of the 
two preceding cases might be a variable dependent 
pon the density, transparency, hardness, smooth- 
ness, or other quality of the reflecting surface, or 
pon the frequency of the light or its velocity in 
the medium in question; and last, the plane of 
reflection might be at a fixed angle to the one thus 
far considered, or at an angle dependent upon 
ome quality of the reflecting material or the light. 
Only a slight amount of experimentation is then 
needed to determine which is the correct hypothe- 
is; and a method of proceeding by elimination 
is also possible. This description of scientific pro- 
cedure seems strained to modern ears, but it is 
precisely the one offered by Bacon, Descartes, and 
Mill, the one actually used by many early scien- 
tists, and one that is still occasionally exemplified 
in contemporary work. 

If this is a true description of scientific law and 
scientific method, it also follows that the task of 
the scientist is an easy one that should not take 
too long to accomplish. Thus we find scientific 
optimism prevalent. Bacon proposed a cooperative 
ellort to find out all about science in a very few 
years, Descartes had hopes of completing the task 
within his lifetime, and toward the end of the nine- 
teenth century there was a strong feeling among 
scientists that the end was in sight, as far as gen- 
eral principles were concerned, and that the only 
task left for 1950 and later would be the encyclo- 
pedic one of working out and cataloguing the de- 
tails of the various sciences. 

Closely related to the simplicity of natural law 
is the notion of its self-evidence. After all, if the 
implest possible law-—all things being considered 

is the true one, then when we know enough to 
recognize the utter simplicity of a certain principle, 
we know that it must be true regardless of the evi- 
lence. Thus, empirical evidence leads us to believe 
In the existence of a substance occupying space, 
Y matter, 
mind. It appeared self-evident to Descartes and 
essors in science and philosophy that mind, 
nspatial, could not impart a spatial motion 


BIS Stuy 


Deing 1 


fay 


and something that thinks and feels, or 


to matter, and that matter, being merely spatial, 
could not affect mind. Such views were and are 
held despite the patent fact that material events 
affect mental events whenever we observe, and that 
the reverse occurs whenever we conduct an experi- 
ment or act on a belief. This conflict between self- 
evident truth and empirical fact has had a long 
train of consequences in the histories of philosophy 
and of science—much too complex to deal with 
here—which has left scars upon both. 

In saying that natural law is accurate, we mean 
that it is possible for man to discover real prin- 
ciples that describe precisely how objects behave. 
If the Newtonian law of correct, 
then the force of gravitation varies inversely as 
the square of the distance—not within | per cent 
of this value but precisely; it operates in the direc- 
and not ap- 
this manner 


gravitation is 


tion of the center of mass, precisely 
proximately; and it functions in 
always, not just most of the time or on the aver- 
age. And, of course, if scientific laws are accurate, 
the assertion is implicit that they are mathemati- 
cally formulable. 

To say that scientific laws are meaningful is to 
say that each of the terms used in the statement of 
the law or in its mathematical formulation can be 
assigned a meaning that refers independently to 
the objective world. Thus, if Newtonian gravita- 

_m,mMs 


tion is given by the formula F = G pe? the ex- 


pression on the right-hand side of the equation is 
not merely a set of directions for finding the force; 
m, and m, represent the masses of the interacting 
bodies, d the distance between them, and G the 
constant of gravitation. 

In saying that scientific law is merely rational, 
we mean that nature contains nothing except what 
can be explained by scientific laws of the type we 
have described. Thus, color is referred to quanti- 
tative variations in the vibration rate of light, and 
it is assumed that the quality of redness or blueness 
that we see does not characterize nature at all, but 
is only our subjective reaction to the really objec- 
tive vibration rates. Reality itself is gray, or rather 
does not even possess the quality of grayness: it is 
without sweet or sour as much as without red o1 
blue, and similarly lacks smoothness, sonorousness, 
heat and cold, beauty, goodness, and value. 

These qualities, of being universal, unitary, sim- 
with attendant optimism), self-evident, accu- 
, meaningful, and merel\ 


ple 
rate (and mathematical 
rational, were believed to characterize natural law 
during the major part of the modern period. Dur- 
ing the last century, however, many of them have 
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been doubted or even wholly discredited, mostly 
as the result of specific scientific developments, 
although in a few cases the change came from 
other sources. 

Philosophic criticism is the principal reason for 
abandoning the notion that natural law is merely 
rational. For one thing, we cannot succeed in de- 
nying nature’s possession of color and other quali- 
ties, for in the attempt to do so we inevitably call 
these qualities subjective and ascribe them to mind: 
mind, which is also natural, and a part of nature. 
Second, the distinction between the so-called pri- 
mary qualities, size, shape, motion and the like, 
which we assume characterize the object, and sec- 
ondary qualities such as color, which we consider 
purely subjective, appears to be an arbitrary one 
based on the circumstance that men rely more on 
sight and touch than upon the other senses. If a 
dominant species on some other planet relied prin- 
cipally upon hearing, would they not, as Haldane 
has suggested, choose a completely different set of 
characteristics as primary? And if the distinction 
breaks down, then we are faced with a dilemma 
that many scientists and philosophers find quite 
unpalatable. Either all qualities are subjective, so 
that true knowledge of the universe is impossible 
and we are forced into the scepticism of Hume or 
the phenomenalism of Kant; or all qualities are 
objective, and this valley is as objectively green and 
beautiful as it is broad and deep. Similar philo- 
sophic criticism has tended to discredit the belief 
that natural laws are self-evident; and the belief has 
also suffered from the recurrence of instances where 
the self-evident truth turned out to be no truth 
at all. It is difficult to maintain the view that 
natural law is meaningful when we observe that 
alternative explanations are frequently possible. 
Thus, the same line may be described in polar or 
Cartesian coordinates; the same light may be 
treated as a particle or as a wave; the interaction 
of massive bodies may be described in terms of 
forces or fields of potential; and so on. In these 
cases it seems unlikely that both the alternative sets 
of concepts refer to objectively existing entities. 
But the greatest blow dealt the notion that natural 
law is meaningful came from the extensive use of 
imaginary numbers in the analysis of electric cir- 
cuits, and no objective equivalent of the imaginary 


constant has been found. 
The Advancing Frontier of Science 
Scientific optimism has died a natural death of 


old age; for if Descartes expected the supreme 


~ 
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achievement to be made in a few decad as 
1637, the time has certainly run out, as it }:< tii 
out on many similar expectations in the th 

dred odd intervening years. Furthermore. 

vance of science has left scientists with an 
appreciation of the extent of the unknow: 

today the existence of this sort of optimis: 
indeed, the only contemporary example o 
comes to mind being Einstein. The simplici 
scientific law is certainly hard to maintain jn ay 
age that has seen three progressively more ¢ mples 
formulations by Einstein, as well as some equal) 
difficult theories in the realm of quantum mechan. 
ics. It is true that Infeld, for example, claims that 
Einstein’s laws are simple, but he uses the word 
“simple” in an unusual sense, evidently meanin 
by it what we have called “unitary.” And, finally 
extensive experience of the revision of laws, and 
a revulsion of feeling from the earlier optimism, 
have led to the pessimistic denial of the accuracy 
not only of current, but also of all possible, laws. 

After all these criticisms have been made, wi 
find that the only conceptions of natural law that 
remain unchallenged are that it must be universal 
and unitary. To these two ideas contemporary sci- 
ence adds one that results from the denial of ac- 
curacy: the notion of law as approximation. 

If we place two dots at random on a plane su 
face, we can draw a straight line through then 
or derive an equation of the form y = ax + 6, which 
represents this line. If we place N such dots on a 


surface, we may, in general, connect them by means 


n—1 n 


of an equation of the form y = ax 
or we may use a lower order equation, say, a linea! 


t bx 


one, which merely approximates the positions o! 
the dots, as is commonly done in statistics by th: 
least squares method. If the number of dots i 
made infinite, as by taking a line drawn at randon 
or the coast line of the United States, or the graph 
of the temperature for a given period, then 1 
equation would accurately represent it, since suc 
an equation would require an infinite number | 
terms. Given such a line, say, a temperature graph 
it may be approximated by a least squares line, 0! 
a quadratic curve, or a cubic one. We can imagin 
a meteorologist attempting to portray the dail 
temperature fluctuation as a quadratic curve ane 
finding an equation of sufficient accuracy to satis! 
his needs. A later meteorologist formulates a biquad 
ratic equation, or perhaps an exponential curv' 
thus increasing his accuracy at the cost of increase 
complexity and difficulty of application, ‘The con 


' 


temporary scientist tends to visualize his scie! 
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fashion: the scientific principles of sev- 
; ago were oversimplified; they were use- 
their day but have now been superseded by 
more complex laws. But we do not expect our 
present laws to remain forever; the exploration 
of new phenomena and the use of more accurate 
astruments will bring to light inaccuracies in our 


n simi 
nty ye 


ful in 


present formulations that will necessitate the in- 
vention of still more complex laws, and so on for- 
ver. Scientific procedure thus may be represented 
by a curve which approaches but never touches a 
line. The curve is developing science, the asymp- 
totic reality. 

If law is an approximation, what does it ap- 
proximate, and why should that to which it is an 
approximation be itself beyond discovery? To this 
latter question there appear to be four available 
answers. First, true laws may be unattainable be- 
cause true laws do not exist, in that natural law 
only imposes certain limits on phenomena, within 
which limits indeterminacy prevails. Thus we 
might think that a man must grow to a height 
of more than three feet but less than nine, but 
that within these limits any height is possible, and 
that similar limits and similar possibilities are dis- 
coverable in human behavior or in any other phe- 
nomenon, More typical of contemporary belief is 
the idea that law merely determines the probabil- 
ity of any event, but that the event is always free 
to occur or not to occur. To take one example 
among many, Gamow has calculated the chances 
that an automobile in a closed garage will, for no 
reason whatever, suddenly appear outside it. 

Second, true laws may be unattainable because 
of necessary defects in our sensory equipment. This 
is clearly true of such questions as whether anothe1 
iniverse in another space exists, not causally re- 
lated to our universe. Much the same thing may 
be true of an expanding universe: objects beyond 
: certain critical distance are just as unknowable 
as though they were in a different universe. Simi- 
larly, it was formerly argued that we could never 
observe objects smaller than half the wavelength 
of visible light, but this limitation was transcended, 
ist by the use of ultraviolet photography, then 
by the electron microscope. And if sensation must 
occur through physical action, and there is a least 
quantity of action, then there is, by Heisenberg’s 
principle, a minimum level of knowable detail. 
hird, true laws may be unattainable because 
ects in our intelligence. This view is best 
known to us in religion, where it has been main- 
tan that certain things are rational and under- 


standable to God, but mysterious and inscrutable 
to our limited understanding. But the view may 
also occur as part of a philosophy of nature: it 
may be argued that our minds have evolved for 
practical purposes, and that what was a satisfac- 
tory implement for enabling our ancestors to pro- 
cure their food and avoid their enemies may be 
wholly inadequate for solving the problems of the 
universe. Nature, as well as God, may be regarded 
as inscrutable. 

And, fourth, true laws may be unattainable be- 
cause of fundamental limitations of the knowing 
process. We have already discussed the belief that 
certain perceptions, such as color, are in no way 
similar to the objective reality, and we have seen 
that analysis of this belief may reasonably lead to 
the conclusion that all knowledge is thus divorced 
from reality. This is the view of Kant and was 
recently presented in the following analogy. Sup- 
pose we are born in a windowless railroad control 
room and spend our whole lives there. In this room 
there are lights that show when a given section of 
track is occupied by a train, other lights that are 
repeaters, showing how track signals are set, and 
still others that show the position of switches. 
There may be many other devices as well, includ- 
ing levers or buttons that control switches and sig- 
nals. In such a situation we will soon learn to 
expect certain normal sequences of light changes, 
and will learn what the various levers and buttons 
do to the lights; with the passage of time our 
ability to predict and our ability to control will 
progressively increase. Yet it would never occur to 
us to suspect the existence of track, trains, pas- 
sengers, and freight, and in consequence we would 
never reach a completely adequate understanding 
of the system, or a flawless method of prediction 
and control. 

A further question is the nature of the reality 
to which our laws are approximations: a question 
related to the last one we considered, 
First of all, it 
may be that reality is objectively present, more o1 


intimately 


but significantly different from it. 


less as we conceive it to be, but that there are cer- 
tain necessary reasons why we can never know it. 
Thus it is perfectly compatible with relativity the- 
ory to assume that there is an objective or pre- 
ferred coordinate system for the universe, as long 
as we are willing to admit that there is no way 
for human beings to find it—although no physi- 
cist, as far as I know, makes such an assumption. 
On the other hand, Heisenberg at one time made 
the equivalent assumption for his uncertainty prin- 
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ciple, believing that the orbital electron of a hydro- 
gen atom has a precise position at a precise time, 
even though it is eternally impossible to verify such 
a location. Eddington, it may be remarked in pass- 
ing, made a contrary interpretation popular. Simi- 
larly, it may be shown that it is impossible for a 
man to know, absolutely, a future event which it is 
within his power to alter, although a future event 
may be perfectly determinable to an outside ob- 
server. And other circumstances may be conceived 
that would render an absolutely objective and con- 
ceivable entity unknowable to us. On the other 
hand, reality may be so unlike our picture of things 
that to say that the picture is true of the reality 
is completely meaningless. Then I have no more 
right to say that this book is rectangular or thick, 
or weighs a pound, than we ordinarily believe we 
have a right to say it is red. Its redness is merely 
a predictive statement relative to an organism such 
as my own: if it is observed by an individual hav- 
ing eyes and nervous structure rather like mine, in 
conditions rather like those under which I see it, 
such an individual will get sensations of redness, 
and likewise of heaviness, and so on. Thus all that 
is meant by any statement about the world is a set 
of directions leading to a set of sensations. If this 
pragmatic view is adopted, as it is by many Ameri- 
can physicists today, then a statement about the 
unknowable is completely meaningless. We are 
told by such persons to work only with what can 
be checked, and that two contradictory  state- 


ments—such as the unresolved wave and corpus- 


cular theories of light as they were understood half 


a century ago—could be equally true provided they 
did not predict different results for the same set of 
operations. According to this view, physical models 
are mere crutches to the understanding, and mis- 
leading crutches at that, which we would be better 
off without. I remember the case of an excellent 
student, who always tried to find out why certain 
physical laws or mathematical procedures were 


applicable: a colleague of mine regarded | wit! 


disapproval, feeling that one with such a ruir. 
ing mind would never make a physicist. . 

Finally, as a compromise between th _ 
views, we have some who feel that, although natyy, 
has none of the qualities we perceive, nev: 
it is possible for the human mind to cor 
not to perceive it, and this by a continuous 
of abstraction. Nature actually is the end 
of abstraction: mathematics. And the unive; 
to be conceived of as a set of equations. Thi 
istic trend of this belief is obvious, and it j 
easily conceived by us in relation to God, 
becomes, in this view, the Great Mathematicia, 
postulated by Jeans. 

Choice of Alternatives Difficult 

It would be pleasant to close with a statemen 
of my own choice of the alternatives available, but 
it is surely apparent that the problem is too great 
for such a treatment. The greatness of the philo- 
sophical difficulties need not, however, obscure ai 
answer that we may give as scientists. For th 
scientist, as such, does not need to solve the philo- 
sophic problem except insofar as it affects his pro- 
cedure. It is clear that the true law of nature, j! 
there is such, is more apt to be found by an inves. 
tigator who believes that there is one, than by ar 
investigator who does not; that a good model o! 
the atom is more likely to be found by someon 
who believes in models; and that a simplificatioi 
of scientific laws is more apt to be achieved by a 
that 
simple. Thus, merely as a working hypothesis, th 


man who believes nature is fundamentall 


scientist should be committed to the optimisti 
views rather than to the current pragmatic or posi- 
tivistic tendencies. I am speaking, of course, of th 
scientist qua scientist: insofar as he wishes t 
speculate philosophically he is entitled to do s 
but he should not confuse philosophical specula- 
tions with his scientific hypotheses, and still les 


with his scientific results. 
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ood Production and 


Administration 


in laiwan’* 


T. H. SHEN 


A native of Chekiang Province, Dr. Shen received his graduate training at the 
University of Georgia and at Cornell. Upon his return to China in 1927 he taught 
plant breeding at Nanking University for ten years before he entered government 
service, first as chief technician, then as deputy director of the National Agri- 
tural Research Bureau. Dr. Shen became a member of the Sino-American Joint 
Commission on Rural Construction when it was organized in 1948 and is nou 


AIWAN is a treasure island. It has a sur- 

plus of food and other agricultural products 

such as sugar, rice, tea, bananas, pineapples, 
oranges, and camphor for export. About 92 pet 
cent of exports in 1950 were agricultural products. 
[he principal commodities imported are cotton, 
cloth, chemical fertilizers, soybeans, mechanical 
equipment, and petroleum. During peacetime, it 
had a favorable balance in foreign trade. 

Now the island is under war conditions and has 
to maintain a big military force and support an 
increasing population. Its trade with Communist 
China on the mainland is blocked; consequently, 
t is confronted with an increased home consump- 
tion, expansion of the government budget, and a 
decrease in export trade. This paper will present 
food production and administration under such 
critical conditions. 

The total value of agricultural production in 
1948 amounted to $339,851,036 
New Taiwan $1,699,255,179), approximately the 
same as that of industrial production.’ Processed 
agricultural products, such as sugar and tea, con- 
suituted 80 per cent of the industrial production. 
lhe value of rice in 1949 was 36.84 per cent of 
the total value of agricultural products, sugar cane 
16.19 per cent, and livestock products 20.16 pet 
cent. 

laiwan has 876,864 hectares of cultivated land 
24.58 per cent of the total land area, of which 
128.097 hectares are paddy fields and 348,767 dry 
land.” The principal portion of the farming land 
lies in the western part of the island, because the 


equivalent to 


mountains run from north to south and large plains 
lie in the west. There are 620,875 farm households 
and an agricultural population of 3,879,581, con- 
stituting 52.45 per cent of the total population. 


(he acreage per household is 1.41 hectares, and 


that per person 0.23. 


* Photos Courtesy ECA. 


with the commission in Taiwan 


Natural Conditions 

The principal characteristics of the climate of 
Taiwan are high temperatures, heavy rainfall, and 
frequent winds. Summer is long and hot, and 
winter is very short and mild. Even in the coldest 
month, although the peaks of high mountains are 
capped with snow, frost is rare on the plain. 
Throughout the island, the annual mean tempera- 
C. The mean monthly temperature 
rises from 20° C in April to 26°-28° C during 
June to September. The variation of winter tem- 


ture 1s 21°-—23 


perature between the south and north is greater. 
The mean temperature of February at Hengchun, 

C and that at Taipeh 
a difference of 5.7°. ‘This is an important 


a town in the south, is 20.5 
is 14.8° C, 
reason why sugar cane, and bananas, pineapples, 
and other tropical fruits, are grown mainly in the 
southern and central parts of Taiwan but not in 
Taipeh District (or Hsien as administrative unit 
Taiwan has two rainy seasons, each differing in 
period and region. During the winter period, the 
strong northeast monsoon blows steadily, and the 
moisture-laden air condenses into clouds and rain 
that last from December to March in the north 


During the summer the southwest monsoon pre- 


vails in the south, and frequent thunderstorms 


occur, giving abundant rainfall in the southern 


82 mm. 


Table 


1). The concentration of rain in summer is more 


district. The average annual rainfall is 25 


with more rain in June, July, and August 


significant toward the south, and the greater part 


of southern Taiwan receives more than 80 pet 


cent of the annual rainfall from April to September 
It is to these climatic factors that Taiwan owes its 


evergreen character and the success of its agri- 
culture. 

Taiwan lies in the course of the great cyclonic 
tropical storms known as typhoons, the most de- 


structive of the natural calamities that occur in 





‘Lhe beautitul terraced hills ot Kormosa. 


this agricultural island. A severe typhoon, bringing 
violent winds, heavy rainfall, and high tides, often 
does great damage to the land and to the field 


crops. According to the record, its occurrence is 


frequent during July to September and occurred 
20, 28, and 23 times in July, August, and Septem- 
ber, respectively, of the past 52 years.* The strong 
northeastern wind blowing along the coast from 
late October to late March also does damage to 
crops. Windbreak been 
planted for protection. Rice under protection of 
such windbreaks yields about 30 per cent more than 


trees and shrubs have 


without it. 


The soils of Taiwan are classified into three 
large groups; 1.e., zonal, intrazonal, and azonal 
soils.‘ ‘The zonal soils are mature soils developed 
under the influence of the climate. These soils, 
such as mountain stony soils, podzols, gray-brown 
podzolic soils, yellow earths, and red earths, are 


all distributed in the mountainous and hilly regions 
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of little agricultural importance, except the 
earths existing on the tableland in Hsinchu ai 
Taichung, which is one of the important areas | 
erowing This soil 
red in color, acidic in reaction, and poor in fertili 
and needs an adequate application of chemica 
fertilizers to increase the crop yield. In the h 


rice, tea, and citrus fruits. 


region of the central and southern part of the isla: 


about 300-800 meters above sea level, banana 


pineapples, tea, and citrus fruits are often gro\ 
on red or yellow earths. These soils are also aci 
Fig. | 
Intrazonal soils are developed under thi 
ence of local conditions rather than climate. | 
intrazonal soils in Taiwan are saline, 


and deficient in mineral nutrients 


main 
they exist along the coasts of Taichung, ‘Taina! 
and Kaohsiung. These soils are formed through t! 
action of salts in the sea water. If the soil has 
high content of salt, it is used as salt garden 
making salt. Most of the saline soils which ar 
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weady cegraded are used for planting rice or for 


fish culture, 

Azonal soils are immature soils—new deposits of sii ves ween ae 
various parent materials—and in Taiwan are ee 

lassified into the following three groups: marine- 
deposited or planosol-like soils, sandstone and shale 
luvial soils, slate and schist alluvial soils. The 
marine-deposited soils exist in Tainan and Kaoh- 
jung. They are heavy-textured and slightly acidic 
to alkaline in reaction. This type of soil is mainly 
itilized for growing sugar cane. If irrigation is 
wailable, rice can also. be grown. The slate alluvial 
ils are distributed between the rivers Dah-du 
and Si-lo in Taichung, on the eastern side of the 
iver Hsia-tan-chi in Kaohsiung, and in the al- 
uvial fan of Ilan and Taitung. These soils are 
haracterized by dark color, high calcium content, 
and neutral reaction. This type is the most fertile 
soil on the island. Tobacco and rice are the domi- 





nant crops in these areas. The sandstone and shale 
alluvial soils occupy the major part of the culti- 
vated area and are distributed from north to south. 
In the north the alluvial soils are acidic in reaction, 
whereas those in the south are slightly acidic to 
neutral or slightly alkaline. The main crops are rice 
and sugar cane. The schist alluvial soil exists in the 
eastern part of the island. It is high in lime content 
and alkaline in reaction. Rice, sugar cane, and 








peanuts are the dominant crops. 
Because of the easy leaching of plant nutrients 
irom the soil and heavy cropping the year around, 


FiGuRE | 


and availability of irrigation and of chemical fer- 


the soils of Taiwan need heavy fertilization, which 


s accomplished by application of chemical fer-  tilizers. In the nonirrigated area of the southern 
tlizers, growing of green manure crops, and turn- — part of the island, one crop of rice is grown from 


ng under of compost. June to early December. In the northern part, there 


the red . . : 
, is no drv season, but the winte temperature Is too 
chu and C ee Suateuns ; . 
saa Sou ropping Systems low for good growth of rice, and there also on 
( as it . . . 
gear Cropping systems have been developed to meet crop of rice is grown. 
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under irrigation, about 60.44 per cent of the total 
cultivated land. In the irrigated districts (Fig. 2 
two crops of rice are the main production. In the 
central and southern parts of the island, where 
irrigation has been well developed and where it 
is the center of rice and sugar-cane production, 
two-crop systems are generally practiced, as fol- 
lows:° 

|. The first crop of rice is transplanted from late 
February to early March and harvested in June; 
a summer catch crop is largely for green manure, 
being planted (usually interplanted) from late 
May to early June and plowed under in late July 
to August before transplanting the second crop of 
rice. The second crop of rice is transplanted from 
early August to early September and harvested 
from the middle of October to late November; the 
winter crop is largely for green manure, but in 
some districts it is sweet potatoes, flax, corn, wheat, 
tobacco, or vegetables. 

2. Rice-sugar-cane rotation is commonly prac- 
ticed in the Chia-nan Canal irrigation district in 
Tainan because there is not enough water to irri- 
gate the 150,000 hectares. Three-year rotation 1s 
followed so as to have rice, sugar cane, and sweet 
potatoes (or other crops) grown every year in each 
90,000 hectares. Rice gets irrigation from May 
to October north of the Pei-kang River and from 
June to September south of the river, sugar cane 
from September to January north of the river, and 
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Plowing rice field. 


from November to April south of the river, and 
sweet potato or other crops none. Actually the 
whole area is divided into 1000 units, of about 
150 hectares each. Rice, sugar cane, and sweet 
potatoes (or other crops) each occupy 50 hectares 
of each unit every year. The rice north of the Pei- 
kang river is grown from May to October, followed 
by sweet potatoes, peanuts, or other crops growing 
from October of the first year to September of the 
second year. Sugar cane is planted from Septembet 
to November of the second year and harvested from 
November of the third year to March of the fourth 
year. A catch crop is interplanted in sugar-cane 
fields in November of the third year and plowed 
under in April of the fourth year as green manur 
for rice. The same rotation system is followed south 
of the Pei-kang River, but the growing period ol 
the rice is about one month later. 

In the irrigated districts of the northern par! 
of the island, where the first crop of rice is hat- 
vested in July, the interim period before trans- 
planting the second crop of rice in early August 
so short that no summer catch crop is grown. ‘Thy 
winter period from the harvest of the second nc 
crop to planting the first rice crop in the followin: 
year is long, and the winter crop grown is largel) 
for green manure. 

About 70 per cent of the first crop acreage | 
Taiwan—Taipeh, Hsinchu, and Ta 
because of the high precipitatio! 


in northern 
chung districts 
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Japan, by improvement and extension of irriga- 


Formosan farmer thins rice shoots. 


during the winter in Taipeh and Hsinchu and the 
better development of irrigation in Taichung. Only 
in the irrigated area of the other districts is the 
first rice crop grown. With the high precipitation 
insummer, the second crop acreage is about 25 per 
cent more than the first rice crop. 

Varieties of crops in such cropping systems are 
early in maturity. Of rice there are two groups: 
japonica and indica. The native varieties belong to 
indica. Japonica varieties have been introduced 
and developed by Japanese largely for export to 
Japan. When a sufficient amount of chemical fer- 
tilizer is applied, they mature earlier, lodge less, 
and yield higher than the indica varieties. During 
the Japanese occupation the acreage of japonica 
in the first rice crop was 69 per cent of the total 
in 1944 and in the second rice crop was slightly 
over 50 per cent. Since 1946, because of lack of 
export to Japan and an insufficiency of chemical 
fertilizers, their acreage is about 1 per cent less than 
indica. The native varieties yield better than 
japonica when chemical fertilizers are insufficient. 

Production, Consumption, and Export 

During the Japanese regime, Taiwan’s food 
production had a great deal to do with its export 
to Japan. In the peried of 1900-31 the Japanese 
laid emphasis on production of rice for export to 










tion and drainage, control of floods, adequate 


supply of chemical fertilizers, improvement ol 


varieties and cultural establishment of 


methods, 
transportation, warehouse, and milling facilities, 
and development of credit systems. Production 
steadily increased during this period. 

The total production of rice in 1930 was 343 
per cent of that of 1900, as shown in Table 2, the 
acreage 189 per cent, and the yield per hectare 182 
per cent. In 1930-40 the trend of rice 
showed little progress, though the highest produc- 


increase 


tion on record during Japanese occupation reached 
457 per cent and the harvest yield per hectare 238 
per cent in 1938, compared with 1900 base. 

Sweet potatoes as supplementary food have been 
important only next to rice. The Japanese im- 
proved and encouraged the production in more o1 
less the same way as rice. The trend of sweet 
potato production in 1900-50, as shown in Table 
3, was somewhat similar to rice. The total produc- 
tion in 1930 was 645.59 per cent of that in 1900, 
the yield per hectare 205.54 per cent, and the 
acreage 314.08 per cent. In 1930-40 the trend of 
increase showed slow progress, although the pro- 
duction and acreage in 1937 were the highest on 
record during Japanese times. In the period of 
1900—40 the percentage of increase in both produc - 
tion and acreage of sweet potatoes was significantly 
ereater than rice because the crop is grown on dry 
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land and stands adverse conditions better than rice. 
The possibility of improving sweet potatoes through 
breeding seems also greater than for rice. The big 
increase of sweet potato production and acreage 
in 1949 and 1950 further proves this point. It 
produces more food per acre than rice; hence, it 
should be considered a very important crop in food- 
deficit countries where natural conditions favor its 
erowth. 

Although the average rice production during the 
last decade of Japanese occupation had increased 
to about 350 per cent of that of 1900, the annual 
consumption per capita had decreased since 1925, 
as shown in Table 4. It reached 158.15 kg in 1925 
and then began the trend of decrease. According to 
the world food survey made by the Food and Agri- 
culture Organization of the United Nations, the 


average daily consumption per capita of T; 
1934-38 amounted to 2153 calories and 52 
protein.” The purpose of increasing rice 

tion in Taiwan during Japanese occupati 
largely for export to Japan, and as the po; 
increased 63.75 per cent from 1925 to 19 
people had to consume less rice and moi 
potatoes. 

In the initial period of 1900-23 the net export o{ 
rice was usually below 170,000 metric tons.’ Ip 
1924-31 it ranged from 240,000 to 380,000 
tons. In 1932-40 it varied from 409,631 (in 
to 720.410 metric tons 1934), the highest o; 
record. 

Since 1932, as rice production in Japan prope 
and the importation of rice from Korea have been 
increased, Japan did not need large amounts of ric 
from Taiwan; otherwise its own production oj 
affected because the cost of 


metry 


1940 


in 


rice would be adversely 
production in Taiwan 
Then the Japanese emphasized sugar-cane_pro- 
duction by maintaining rice acreage and increasing 
of sugar in 1938-39 was 
from 167,000 
principal market for sugai 


was lower than in Japan 


cane. The production 
1.400.000 metric 


highest on record. The 


tons hectares 
was Japan, because the cost of production in Tai- 
wan was higher than in Java, thus virtually ex. 
cluding Taiwan from the world’s markets. 
World War II caused deterioration of food pro- 
duction to a large extent. To supply rice to the 
army and the Japanese people, Japan again en- 
couraged rice production and also controlled th 
consumption of the Taiwanese. The food control 
was intensified after 1941, when Japan itself faced 
a great shortage of food. The government adopted 
food rationing and compulsory selling of rice by 
the farmers. The government controlled rice pro- 
duction, storage, milling, transportation, distribu- 
tion, and selling. The farmers could save rice onl\ 
for seed and their own ration and were required 
to turn the rest over to the farmers’ associations 
which were controlled by the government for mill- 


TABLE 2 


Rice PRODUCTION IN 


AGREAGE 
YEAR 
Hectares Percentage 


100 
140 
154 
189 
192 
196 
236 


1900 32 
1910 $56,276 


25,653 


500,169 
614,390 
625,398 
638,622 
770,262 


1920 
1930 
1938 
1940 
1950 


* Based on Taiwan Food Statistics. Food Bureau of Taiwan 
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Provincial Government 


1900—50* 


Tota PRODUCTION OF 
Browii Rice 


YIELD OF Brown RICE 
PER HECTARE 


Percentage Metric Tons Percentage 

100 

139 

147 

182 1 

238 1 
I 
] 


307,147 
598,211 
691,764 
052,931 
402,414 
,128,784 
421,486 


187 
194 


(1949). 
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TABLE 3 


SweEEt Potato PRODUCTION IN 1900 


ACREAGE 


Hectares Percentage 


O00 5,168.6 100 
6,284.9 


6. 


10,623.9 205.5 
12.734.0 246. 1,769,984.9 
$16.9 220. 1,512,402.4 734.2 


be 


5 
33 


592.6 9,172.0 177 
9,442.0 


589.6 


I 


YIELD PER HECTARE 


5 
8: (RAE 
31 
| 


50* 
Tora, Propuction 


Percentage Metric Tons Percentage 
205,996.4 100 
ae 642,332.3 511.8 
836,852.0 $06.2 
1,329,902.3 645.6 
859.2 


} 143 


1,051.5 
1,072.4 


2,166,048.0 
182. 2.209,000.0 


* Compiled from Taiwan Food Statistics. Food Bureau of Taiwan Provincial Government, 53 (1948) 


+ The production and acreage in 1950 are only estimated. 


¢, and to sell it to the government at the official 
A part of the polished rice was allocated for 
the ea ration at 10.54 kg per month per capita 
or 143.44 kg brown rice per annum per capita 
plus sweet potatoes as a supplement and also for 
the army at higher ration. The actual distribution 
of rice for civil consumption was less than this 
amount. The government exported all the rest to 
Japan. Due to the compulsory selling of rice at 
an official price, the farmers could hardly make a 
living and became reluctant to increase production. 
[he condition became further deteriorated by a 
shortage of labor caused by the army draft and also 
ashortage of chemical fertilizers from the manutfac- 
turing plants in Japan, which were heavily bombed. 
Production decreased to 603,693 metric tons of 
brown rice in 1945, which failed to meet the peo- 
ple’s minimum requirement of 857,000 tons. Rice 
export to Japan also steadily decreased from 270,- 
824 metric tons in 1942 to 165,647 in 1944. 

In the fall of 1945 the Chinese National Govern- 
ment took over Taiwan, abolished food control, and 
gradually rehabilitated agriculture in order in in- 
crease production. The production of rice, sugar, 
and sweet potatoes increased steadily from 1946 to 
1948. but was seriously limited by a shortage of 
The amount of brown rice 
1946 and 


chemical fertilizers. 
produced was 842,848 metric tons in 
1,009,657 metric tons in 1948. 


TABLE 4 
Rick CONSUMPTION TAIWAN 1925-44* 


ANNUAL CONSUMPTION 
or Brown RICE 
POPULATION 

Total Per Capita 
(In M. T.) (In Kg) 
631,343 
683.886 
576,004 
719,153 
904,996 


npiled from Taiwan Food Statistics. Food Bureau of T sons 
al Government, 52 (1948). 
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Since the Chinese National Government and 
Army moved to Taiwan in 1949, the population, 
according to the Statistics Office of the Provincial 
Government, increased from 6,807,601 in 1948 to 
7,955,588 (7,029,459 Taiwanese and 524,940 main- 
land Chinese? ) in December 1950. excluding about 
600,000 military personnel. The 
made great efforts to increase the production of 


government has 
food for home consumption. Because of a shortage 
of foreign exchange only a limited amount of im- 
ported chemical fertilizers was available for rice and 
sugar cane. As a result of government efforts 

and good weather—the 1950 production of both 
rice and sweet potatoes exceeded the record of Jap- 
, whereas the pro- 
fruits, and tea was less than that 
sased on the annual consump- 
the civil 


anese times (Tables 2, 3, and 
duction of sugar, 
of Japanese times. 
tion per capita of 143.44 ke of brown rice. 
consumption in July 1950—June 1951 amounted to 
1,112,734 metric tons of brown rice and the mili- 
tary 200,180, and only about 76,942 metric tons 
of brown rice at the value = $10,321,912 was ex- 
ported in the same period. About 11 per cent of the 
sweet potatoes produced ‘aa been consumed fot 
food, 85 per cent for feeding hogs and cattle, and 
3 per cent for manufacturing alcohol, because the 
import of soybean cake for feed from Manchuria 
has been greatly reduced and the use of potatoes 
for feed has increased. 

The present status of agricultural exports is 
shown in Table 6. The export of rice is now only 
10-20 per cent of that during Japanese times. ‘The 
export of sugar, tea, and fruits has also decreased, 
mainly because the rehabilitation of production has 
not proceeded as rapidly as it might have. Conse- 
quently the government is facing a shortage of 
foreign exchange and is endeavoring to increase 
exports to other countries, chiefly Japan and _ thx 
United States. 


* According to another reliable source, the population 


of mainland Chinese was only half this figure 





Food Production Program 

In cooperation with the China Mission of the 
Economic Cooperation Administration and the 
Joint Commission on Rural Reconstruction, the 
Provincial Government is carrying out (through 
the Food Bureau and the Department of Agricul- 
ture and Forestry) a food program by increasing 
the farmers’ incentive for production, improving 
production facilities, and stabilizing food supply. 

Of the farm population 35 per cent are owner- 
farmers, 27 per cent are part owner-farmers—far- 
mers whose cultivated land is partly their own and 
partly rented from others—and 39 per cent are 
tenants. About 56.33 per cent of farmland is under 
tenant operation. The average farm holding for 
each tenant farm family is about 1 hectare. Before 
rent reduction, the average farm rent amounted 
to 50 per cent of the annual major crop yield (..e., 
the major crop is rice, and the minor crops grown 
after harvest of rice belong entirely to the tenant). 
Hence tenant farmers were in a state of extreme 


poverty. 

To improve the economic condition of tenant 
farmers and to increase their incentive for pro- 
duction, Ex-Governor Chen Cheng enforced the 
national Land Law in March 1949 by initiating 
the rent reduction program, under which the maxi- 


mum farm rental must not exceed 37.5 per cent 
of the annual major crop and the lease tenure must 
be not less than six years. An ordinary tenant tills 


FABLE 5 
PRODUCTION OF THE 
Crops 1N TAtwAn* 
In 1000 Metric Tons 


ANNUAI IMPORTANT 


1937-39 
(Av. ) 


1948 1949 1950 
Brown 
rit es 
Sweet 
potatoes 2,003. 
Wheat 6.5 10.1 
Sugar 634.5 612.3 
Peanuts 29. 53. 53.3 
Soybeans : ee LZ] 
lea 10.2 
Bananas 98.4 
Pineapples gaz 
Citrus : 
fruits 26.8 95:0 30.0 
Jute fiber : 8.8 7.0 10.0 
Ramie 0.$ : 0.9 0.8 (0.7 
Cotton 0.7 : 0.2 ‘ 
Tobacco 3; b 8.0 6.0 7.8 
Vegetables $12 540.0 
Green 
manure 


1,374.8 1,068.0 1,214.5 1,421.5 1,510.7 


2,000.0 
20.0 
550.0 
60.8 


2,166.0 2,209.0 
ge We) 
5345.8 
60.8 


8.0 10.0 
120.0 125.0 
26.0 10.0 


2,031.0 1,929.6 2,675.0 

* The data of 1948 and 1949 were based on Taiwan Agricultural 
Yearbook, 1950, and those of 1950 and 1951 were estimates made by 
the Agricultural Improvement Division of JCRR, with the exception 
of sugar (based on data supplied by Taiwan Sugar Corporation) and 
data supplied by the Provincial Monopoly 


tobacco based on 


Bureau). 
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TABLE 6 
ANNUAL ExporT OF THE IMPORTANT AGRICU! 
COMMODITIES 

(In 1000 Metric Tons) 

1937-39 (Av.) 1948 1949 
Brown rice* 
Sugar* 
Tea 
Bananas 
Pineapplest 
Citrus fruits 


200.46 
8.60 
25.49 
0.38 

Tp Be. ¥ 


431.30 
14.71 
12.62 

2.62 
3.04 


Kee! a 
Bureai ol 
Department of Agricy 
1950 included 


*The rice and sugar data were supplied by 
Koahsiung Harbor Office, and the others by the 
spection and Quarantine, the Provincial 
ture and Forestry. The rice export in 
December 1950. 

+ The export of pineapple averaged in 1937-39 consisted 
2,699,777 kg fresh fruit and 1,213,535 cases canned fruit equivalent 
to 55,160.6 metric tons). Each metric ton of fresh fruit makes } 
cases of canned fruit. The export included 59,916 ke of fresh fruit 
and 56,281 cases of canned fruit in 1949, and 20,027 ke of fres} 
fruits and 131,073 cases of canned fruit in 1950. 


January 


about 1 hectare of medium-grade paddy field and 
can harvest two crops of rice a year in the irrigated 
area, which amount to about 6000 kg of paddy rice 
Before rent reduction, the tenant had to pay an 
annual rent of about 3000 kg of paddy rice to his 
landlord. Since rent reduction, he needs to pay only 
2250 kg, which represents a reduction of 750 ke. T. 
a poor tenant farmer, the 750 kg of paddy ric 
means enough increased income to eat and to liv 
better—to the extent that the increase in produc. 
tion is not offset by the lower purchasing power o! 
farm produce. Formerly, tenant farmers often did 
not have enough to eat and had to borrow food 
from their landlords; many now encounter no food 
shortage, and some of them are even able to sell 
their food surplus to procure other necessities. The) 
are working harder to increase rice production be- 
cause of a greater share accruing to them. This is 
one of the important factors in the big increase o! 
rice production in 1949-51. Rent reduction has 
also helped the stabilize the social order of the rural 
community and to strengthen resistance against the 
threat of Communism, Even the Chinese Commv- 
nists on the mainland had to admit these effects. 
Rent reduction has also resulted in a stead) 
decline in the price of tenant land—ranging [ron 
not less than one third to as high as 50 per cent 
in 1951 in comparison with 1948, the year befor 
rent reduction. The landlords’ interest in making 
investments in land is weakened and their desir 
to sell it is strengthened. This circumstance is favor- 
able for inauguration of the second phase of lan¢ 
reform—a tenant land-purchase program. Thi 
government started the tenant land-purchase pro 
gram with a public land-sale project, which it pu! 
into action in July 1951. The total acreage for sali 
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RICE PRODUCTION, CULTIVATED ACREAGE AND FERTILIZER CONSUMPTION 
FOR YEARS 1930-1951* 
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at present is 86,000 hectares, 18.4 per cent of the 
total tenanted land. About 100,000 tenant families, 
16 per cent of the total farm population, will be 
benefited under the project. This project will be 
completed this year, and then the government will 
require the private landlords to sell their surplus 
land to the tenant farmers. In fact, the government 
is already undertaking a landholding survey to 
provide the technical basis for implementing this 
program. Thus the whole process of present land 
reform in Taiwan consists of three steps: rent re- 
duction, limitation of private landholdings, and 
land purchase by tenants. The Joint Commission 
on Rural Reconstruction has given to the Land 
Bureau of the Provincial Government financial and 
technical aid for the whole program of land reform. 

Fertilizers and water are two major factors for 
higher production of crops on the island. The high 
correlation among rice production, the area de- 
voted to rice, and the amount of chemical fertilizers 
applied in 1930-50 is shown in Figure 3. The pro- 
vincial government and the ECA China Mission 
purchased 231,934 metric tons of chemical ferti- 
lzers for rice in 1950 and about 280,000 metric 
tons in 1951. The status of fertilizer distribution for 
different crops in 1950 is shown in Table 7. The 
total amount of fertilizer procured for different 
crops in 1951 was 372,877 metric tons. The pro- 
jected allocation included more crops than in 1950 


May 


namely, rice, sugar cane, sweet potatoes, wheat, 
jute, pineapples, tobacco, tea, citrus fruits, and 
citronella. 

In addition to chemical fertilizers, the amount of 
compost manure has been increased by repairing 
farmers’ compost houses and encouraging hog pro- 
duction. Up to June 1951, JCRR and the Pro- 
vincial Department of Agriculture and Forestry 
had jointly helped 15,558 poor farmers repair their 
compost houses with a subsidy of about $15.00 

NT $150.00 
repaired the compost houses with JCRR subsidy, 
but many well-to-do farmers were inspired to repai 


to each farmer. The poor farmers 


their compost houses with their own money. Ac- 
cording to a survey by the Department of Agricul- 
ture and Forestry, there are about 360,000 compost 
houses on the island. One third are in good condi- 
tion, but the rest need repair. Currently, Taiwan 
produces about 8,000,000 metric tons of compost, 
a considerable portion of which is produced out- 
doors. According to conservative estimate, the 
nutrient elements contained in 1000 metric tons of 
well-made compost are equivalent in amount to 
those contained in 10 metric tons of ammonium 
sulfate, 5 metric tons of calcium superphosphate, 
and 7 metric tons of potassium sulfate. Thus 
8,000,000 metric tons of compost are therefore 
equivalent to about 80,000 metric tons of ammo- 


nium sulfate, 40,000 metric tons of calcium super- 
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phosphate, and 56,000 metric tons of potassium 
sulfate. If the 360,000 compost houses can all be 
repaired and fully utilized, each house can be ex- 
pected to produce 40 metric tons of compost a year, 
and the total annual production will be 14,400,000 
metric tons, equivalent to 144,000 metric tons of 
ammonium sulfate, 72,000 metric tons of calcium 
superphosphate, and 100,800 metric tons of potas- 
sium sulfate, in addition to the large amount of 
organic matter turned back to the soil. 

JCRR, in cooperation with the Provincial De- 
partment of Agriculture and Forestry, is increasing 
production of green manure crops by multiplication 
and extension of their seed. JCRR is also demon- 
strating application of lime to the two kinds of 
acid soils, with favorable response in rice produc- 
tion, especially in red and yellow earths, the chemi- 
cal reaction of which is around pH 4.5. The govern- 
ment has built six chemical fertilizer plants, with 
an annual production capacity of 7000 metric tons 
of ammonium sulfate, 66,000 metric tons of cyana- 
mid, and 51,000 metric tons of calcium superphos- 
phate and fused phosphate, and, with ECA aid 
is expanding the ammonium sulfate plants to 
33,000 the 
future imported chemical fertilizers will furnish 


a capacity of metric tons. Thus in 


a substantial supplement to the locally yplied 
fertilizers. 
The demand for water is so great that 

of high annual precipitation it is necessary 
supply water by irrigation during the period of 
deficiency of rainfall. Before the Japanese 
tion in 1895 the Chinese who emigrated f; 
mainland had built dikes for flood control 
torrential rivers and had developed the irrigation 
of 196,679 hectares, 56 per cent of the total culti- 
vated land of 351,019 hectares. In the period o 
Japanese occupation in 1895-45, the Japanes 


( upa- 
n the 


som 


improved and extended the irrigation and drainag 
systems by the modern technique of hydraulic engi- 
neering. By 1945 the total irrigated area wa 
532,208 hectares (Taiwan Agricultural Yearboo! 
1950), but the area actually irrigated was probably 
below 500,000 hectares, because many systems wer 
in disorder in the latter part of World War II. Th 
irrigation system consists of a network of canals 
and laterals that derive their water supply from 
natural streams. In many instances it is necessan 
to augment the natural flow of the stream by con- 
Some 
made of wells to supply irrigation demands. 


struction of storage reservoirs. use is also 


Since the return of Taiwan to China irrigatio 


TABLE 7 


STATUS OF 


SECOND 
Rice Crop 


First 
Rick Crop 


Crops Dts- 
TRIBUTED FOR 


Government procurement 


Ammonium 
sulfate 
Ammonium 
phosphate 
Ammonium 
nitrate 
Chile 
nitrate 
Calcium 
superphosphate 
Calcium 
cyanamid 
Potassium 
chloride 


19,073.13 18,826.59 


1,208.61 


51.65 247.27 


250.51 2,791.08 


10,744.61 15,631.90 


1,886.92 


ECA procurement 


Ammonium 
sulfate 
Ammonium 
phosphate 
Calcium 
ammonitrate 
Ammonium 
superphosphate 
Sweepings 
(A/S A/P 7.56 


147,199.23 


11,238.83 59,403.89 


12,167.58 9,692.54 
8,711.48 
TOTALS 84,734.92 


* Compiled by the Food and Fertilizer Division 
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FERTILIZER DISTRIBUTION IN 


1950* 


(Metric Tons) 


VEGE- 


TABLES 


SuGar Cant WHEAT 


23 000.00 1,430.70 
6.60 
1.87 
5195.79 
15,000.00 $1,409.85 
12,000.00 1 3,886.9. 


5,000.00 5 000. 


136.10 101.00 100,879. 
9,954.00 
1,516.99 


64,954.00 3.175:21 114.77 


JCRR, from data supplied by the Provincial Food Bureau. 


THE SCIENTIFIC MON 





a ' 
plied 


spite 

iry to 
eriod of 
Cupa- 
m the 

L Some 
yation 
al culti- 
( riod ot 
apanest 
lrainage 
lic en?}- 
rea Was 
arbook. 
yrobably 
ms wert 
I. Th 
{ canals 
ly from 
ecessary 
by con- 
is also 
S. 


rigation 


00,79 
% (195.79 
1,409.85 
>,886.9. 


5,000.0 


(879.8. 
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0),°88.47 


ive been maintained, improved, or newly 


systenis 
less the same way as in the 


huilt 1n more or 
period. Four unfinished projects started 
lie Japanese period, 12 large and 163 minor 
‘cts have been taken up by the Provincial 
onservancy Bureau in cooperation with the 


Japanes 
during 


new pl 
Water § 
local h 


omplet 


lraulic associations. When this program is 
d, 72,845 hectares will have the benefit of 
ration or drainage, and the systems for 
another 70,370 hectares will be improved. In 
cooperation with the Provincial Water Conser- 
vancy Bureau the JCRR has assisted, since the 
vinter of 1949, 23 irrigation and drainage projects, 
{ which most are projects under the bureau’s pro- 
vam. In the summer of 1951 the acreage under 
rrigation had been increased to 530,000 hectares, 
bout 60 per cent of the total cultivated land. 

A system of pure seed multiplication and exten- 
ion of the improved varieties of rice, sweet pota- 
toes, wheat, bananas, pineapples, citrus, vegetables, 
tea, and jute has been established by JCRR in 
cooperation with the Provincial Department of 
\griculture and Forestry and the farmers’ associa- 
tions. The system consists of three steps: foundation 
seed, stock seed, and extension seed. The founda- 


new Ir! 


tion seed of an improved variety is multiplied by 
provincial experiment stations for planting stock 
ved. The stock seed is multiplied partly by provin- 
cial experiment stations and partly by contract with 
farmers for planting extension seed. The extension 
ved is multiplied by these farmers for sale to other 
farmers to replace their own degenerated seed. The 
nerease of yield per hectare as a result of the re- 
newal of seed has been conservatively estimated at 
) per cent in the case of rice. In addition to the 
seed inspection service, JCRR has subsidized the 
veedgrowers in building seed-drying grounds and 
veedbins to prevent mixture with seeds of other 
varieties grown on the same farm. Extension rice 
veed is annually available to renew farmers’ seed 
sufficient for planting 200,000 hectares, about one 
third of the total rice area. In order to maintain 
the purity of a variety, farmers are advised to renew 
their rice seed every third crop (there being two 
crops annually). Thus for every third crop farmers 
throughout the island may obtain extension seed. 

A pest control program for rice, vegetables, and 
fruits, in which pesticides such as DDT, derris 
extract, and new improved granosan are supplied 
to the farmers’ associations, has reduced the pest 
damage to a large extent. The warehouse loss of 
nice in a period of four to five months, caused by 
insects such as grain weevils and moths, is averaged 
at I per cent, wheat 15 per cent, and sweet potato 
chips 30 per cent. A control measure is being de- 


May 


Inside huge Farmers Association warehouse rice is 


bagged for shipment. 

veloped by spraying the grain bins with DDT and 
mixing the grain and potato chips with Pyrenone 
powder. For the storage of big stocks of food, 158 
warehouses of the farmers’ associations have been 
repaired and 62 new ones have been constructed 
by JCRR and the Provincial Food Bureau. They 
40,175 


metric tons of rice, or 18.26 per cent of 220,000 


have increased the storage capacity by 


metric tons, which is the total warehouse capacity 


of the farmers’ associations (based on the 1949 
survey). 

The population cf hogs was 1,362,159 in 1949§ 
and was estimated at 1,500,000 in 1951. 


They not only supply meat but are a major source 


about 


of manure for crops. In cooperation with the Pro- 
vincial Department of Agriculture and Forestry 
and the farmers’ associations, the JCRR has been 
carrying on continuous vaccination of hogs for 
more than a year, as protection against hog cholera 
and erysipelas. It is estimated that the veterinary 
service has reduced the number of deaths of hogs 
by half, or a saving of 1 per cent of the hog popula- 
tion. For improvement of quality, JCRR has 
imported 656 Berkshires from Japan and the USA 
for production of hybrid market pigs. A similar 
program is being conducted with cattle, water 
buffaloes, and poultry. 

In order to check inflation, the government limits 
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the amount of credit loans to farmers, who have to 
borrow money at exorbitant rates of interest from 
usurers, thereby increasing the cost of crop pro- 
duction. The Provincial Food Bureau, through the 
Bank of Taiwan, extended to rice farmers a three 
months’ credit loan of NT$30,000,000 (equivalent 
to about $2,000,000 U. S.) at harvesttime—June 
and July 1951—to be returned in rice; the rice 
price for repayment of the loan was fixed at 
NT$0.74/kge of paddy rice. Simultaneously, the 
bureau announced the minimum price of paddy 
rice as NT$70.00/100 ke, which was close to the 
prevailing market price at that time. The bureau 
will purchase rice at this price when the market 
price falls below this. This loan has not only met 
a part of the farmers’ needs but, together with the 


support price, also stabilized the seasor 
ward trend of the price of rice after har 


first 1951 crop. For example, the price 


brown rice in Taipeh was NT$64.64/6 
NT$82.5/100 kg of paddy rice) during J 
NT$59.33 July 1-10, NT$60.66 August 
NT$64.00 September 1-10. With the go 
of the first rice loan the Food Bureau 
another loan of NT$30,000,000 to rice fa 
the second crop of rice. 

The government also extended from t 


counterpart fund to sugar-cane farmers a prod 
tion credit loan of NT$77,000,000 (equival 


about $5,000,000 U. S.) for 18 months 


August 1951 (because sugar cane in Taiwan 


ECA 


nt tv 


fron 


quires 18 months from planting to harvesting 


Harvesting sugar cane. 
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Government Collection and Disposition of Rice 


The Food Bureau of the Provincial Government 
. the sole agency for collecting rice from farmers 
booed the system of barter and credit loans, and 
irom landowners through taxes in kind and com- 
yulsory purchases, The Food Bureau barters fon 
ice chemical fertilizers which have been imported 
yartly by ECA and partly by the government. By 
the application of 175 kg ammonium sulfate to a 
hectare, the paddy rice production is increased in 
about a 3:1 ratio; i.e, 1 kg ammonium sulfate 
produces 3 kg paddy rice. The barter ratio of 
ammonium sulfate with paddy rice is 1:1. Thus a 
rice farmer can get two thirds of the increased 
product after paying rice for the fertilizer. In 
accordance with this principle, the barter ratio of 
chemical fertilizers has been set up since 1950 by 
the Provincial Food Bureau as follows: 
Pappy RIcr 


1:1.0 
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FERTILIZERS 


Ammonium sulfate 

‘ phosphate 
Calcium superphosphate 
Ammonium nitrate 


In case a poor farmer has no rice. to barter for 
fertilizer, he is permitted to get it on a loan basis 
and to return the rice after harvest. 

Little cotton is produced in Taiwan. Cloth is 
expensive for the farmer because he sells his rice 
at a low price and buys cloth at a comparatively 
high price from a retailer. In 1950 the Food Bureau 
imported 2,063,051 yards of cloth from Japan and 
bartered it, at the request of farmers, for rice. The 
barter price of cloth was 80 per cent of the whole- 
sale market price, and that of rice was the market 
retail price. Through this barter a farmer paid 
30-40 per cent less money for his cloth. Each of 
100,000 farm households in Taiwan purchased 5 
yards of this cloth, or enough for two suits. This 
barter benefited the farmers and increased the 
government stock of rice. The Food Bureau im- 
ported 2,381,837 yards of cloth during January 
August 1951 to barter for rice; it also imported 
soybean cakes to barter for rice in a similar way. 

The Finance Department of the Provincial 
Government has levied three taxes on landowners: 
land tax, surtax, and defense tax. Following a 
system established during Japanese times, the land 
tax is based on 4 per cent per annum of land value; 
for illustration, a hectare of the first-grade rice 
land is levied at 49 Taiwan dollars. Since the land 
tax is collected only in rice, the rice tax Taiwan 
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dollar remains fixed at 8.85 kg of paddy rice. Thirty 
per cent of the land tax collected is appropriated to 
the provincial treasury and 70 per cent to district 
and municipal The 
amounts to 30 per cent of the land tax and is allo- 


local) governments. surtax 
cated entirely to the local governments for compul- 
sory education in the primary schools. The defense 
tax is also equivalent to 30 per cent of the land tax 

the public land is free from it) and has been estab- 
lished since 1950 because the island was in dange 
of the Chinese Communist attack and the military 
budget was greatly expanded. Half the defense tax 
is allocated to the district and municipal govern- 
half to the 


provincial treasury for its contribution to national 


ments for defense works and anothe1 


defense. 

According to the tax record book prepared in 
the above way by the Finance Department, the 
Provincial Food Bureau collects land tax, surtax,. 
and defense tax in rice. Besides, it makes simul- 
taneously two kinds of compulsory purchases of 
rice from landowners. The first is the purchase 
of an amount of rice equivalent to the total of land 
tax and surtax a landowner pays. The second is 
confined to the landlord, who pays more than 
1500 ke of rice in land tax, and applies on a pro- 
gressive basis to so-called surplus rice. The “surplus 
rice” is calculated by subtracting the land. surtax. 
and defense taxes, the amount of the first kind 
of compulsory purchase, and 2520 ke of paddy 
rice for family consumption from the total land 
rent collected in kind by the landlord. A progressive 
rate of purchase is applied to this surplus rice: 
40 per cent of the surplus rice from landowners 
paying above 1500 kg and below 5000 ke of rice 
in land tax; 45 per cent from those paying above 
5000 kg and below 10,000 ke: 


those paying above 10,000 kg and below 20,000 ke: 


50 per cent from 


55 per cent from those paying above 20,000 ke and 
30,000 ke: 
30,000 ke. 
the two kinds of compulsory purchase is fixed by 
the provincial government with approval of the 


below 60 per cent from those paying 


above Che Taiwan dollar rice price for 


Legislature. Often the compulsory purchases in- 
clude a tax element, inasmuch as the purchase is 
below the market he fixed 
NT$0.70/kg of paddy rice for the first crop of rice 
in 1951, which was very close to the market price, 
and N'T$0.80 for the second « rop, which was about 
10 per cent less than the market price. The Food 


price. price was 


Bureau also gets the repayment of its rice produc- 
tion loans in rice, and the rental in rice on public 
land from the farmers who rent it. 

Through the barter system tax collection, com- 
pulsory purchase, credit loans, and rental on public 
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land, the government has been able to control 
25-30 per cent of the annual rice production of 
the island, equaling about 375,000 metric tons of 
brown rice in 1950, and about 461,000 in 1951. 
The breakdown in percentage of the rice collection 
by the government in 1951 is as follows: 
PERCENTAGE 

Barter of chemical fertilizers wince 
Barter of cloth 
Production loans repaid in kind 
Land tax 
Surtax 
Defense tax 
Purchase prorated to the total of land 

tax and surtax 

Surplus rice purchase 


Rental on public lands 
100.00 


The government rice stock has been used largely 
for rationing to the military forces, the police, 
civil servants, and public school staffs, for an emer- 
gency reserve stock, for stabilizing the market price 
of rice, and for export. 

Food Problems 

Rice production, which was preliminarily esti- 
mated by the Food Bureau at 1,510,689 metric tons 
of brown rice for 1951, is still limited by the 
amount of chemical fertilizers imported. The rice 
production in 1950 was practically the same as 
that for 1938, but the acreage was 770,106 hectares 
in 1950 and 625,398 in 1938. The yield of brown 
rice per hectare was 1.83 metric tons in 1950 and 
2.24 in 1938. This was largely due to difference in 
supply of chemical fertilizers for the rice crop 
(389,334 metric tons in 1938 and 235,000 in 1950) 

Table 8). It is the same with sweet potatoes. The 
production and acreage of sweet potatoes in 1949 
and 1950, as shown in Table 3, were the highest on 
record, but the yield per hectare was lower than 
1930—40. This also was due to a shortage of chemi- 
cal fertilizers. As increase of cultivated land is 
rather limited, the crop yield per hectare should 


be specially emphasized. New chemical fertilizer 


plants should be established to produce more fer- 
tilizers for home consumption, 
TA 


RELATION OF CHEMICAL FERTILIZERS TO RICE PRODUCTION* 


Rice ACREAGE C 


Hectares Percentage 
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Special publication of the newspaper 


Irrigation is also essential to increase prov uctioy 
per hectare. Based on the reconnaissance 
the Provincial Water Conservancy Burea 
to increase irrigation by about 120,000 

(about 14 per cent of the present cultivatec 
It should be pointed out that the maintena: 
improvement of present irrigation syste: 
equally important as development of new 
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To increase the cultivated area, the reclamation 
of coastal land has been successful, with the build. 
ing of dikes and the draining of salt from the soi! 
by stream water and the natural rainfall. As the 
seashore is still extending in some districts, reclama- 
tion is an economic means of increasing cultivated 
land. At the same time, deforestation on some hill 
has caused soil erosion, and hence soil conservation 
practices are also essential to maintain the good 
earth. 

The farmers now are more concerned with eco- 
nomic problems. In order to check inflation, the 
government has stabilized the price of rice and 
other farm products and is attempting to regulate 
the price of imported goods by selling ECA com- 
modities. In fact, the price disparity in favor of 
manufactured and imported goods has become a 
serious problem. The Rural Economics Division, 
JCRR, has compiled the parity price of rice since 
April 1950 by using September—December 1949 as 
a base period and taking 21 and 9 items of con- 
sumers’ and producers’ goods as a basis for calcula- 
tion.t 

The percentage of the actual price of rice to its 
parity price was 80.37 in August 1950, 72.38 in 
December 1950, 84.82 in March 1951, 70.84 in 
May 1951, and 61.07 in July 1951. Farmers, as 

t The twenty-one items of consumers’ goods includ 
wheat flour, pork, beef, salt, soy sauce, white sugar, 
matches, firewood, dyed shirtings, grey nankeen, cemen 
rape seed oil, tea, cigarettes (Paradise), towels, soap, 
aspirin, wages for mason or carpenter, prepared tobacco, 
rubber shoes, and second-grade cotton; the nine item: 
of producers’ goods include bean cakes, ammonium su 
fate, calcium superphosphate, wages of male and femal 
labor, plows, barrows, derris powder (pesticid and 
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1,402,414 

638,828 
1,214,523 
1,401,051 


100.0 
0.5 
29.9 
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Sin-sun, Taiwan (January 1, 195] 
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In one of last stages 


producers, receive low prices for their products and, 


as consumers, pay high prices for necessities. ‘The 


benefits a farmer has received from the bartered 
lertilizers, rent reduction, and the good crop have 


been minimized by the disparity in prices. ‘The 


people now eat more cheap rice and much less 
‘weet potato than during the Japanese regime. As 
Japan and the Philippines do want to buy ‘Taiwan 
which is about 


nice at the world market price, 
‘ brown rice higher than 
May 1951 

150,000 metric tons of brown rice were ex- 
52. To stabilize 


per metric ton of 
cal price in Taiwan at present 
ed to be exported in 1951 
«al price of rice and at the same time stimu- 
irme rs’ incentive to incre ase production, the 
tic way seems to be to increase barter of ex- 
1 rice with cloth, chemical fertilizers, and 
necessities for distribution to farmers, as has 


of refining workers cut sheet of pressed sugar. 


been done by the Food Bureau. In other words, 
the farmers would share a certain portion of the 
could get a 


Thereby the 


export profit and the government 


larger share to balance its budget. 
farmers would eat more sweet potatoes in order 
to sell more rice for export. 

lhe hich interest rate from usurers has increased 
tight 


the cost of food production. Jecause of the 


financial situation the government banks can ex- 
tend only a limited amount of production and 
marketing credit loans on short terms, and_ thi 
amount is apparently not enough to meet the needs 
of the farmers. 

Under present abnormal conditions, the govern- 
ment has to maintain a big armed force of 600,000 
men and balance the budget through taxation, con- 
and other means. How 
effort and 


trol of foreign exchange, 


ever, as a result of the government 
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American economic and military aid, the food and 
economic situation is better than it would be other- 
wise, but not as good as may be expected under 
normal conditions. 

Can the food and other economic situation of this 
island be better in the future under peacetime 
conditions when only a small army need be main- 
tained? Yes, if the present civil population of 
7,029,459 Taiwanese (excluding mainland Chinese, 
because most of them will return to the mainland 
when the Communist trouble is over) could be 
stabilized. According to Table 4, the population 
had increased 63.75 per cent in the period 1925-44. 
Table 9 shows that except in 1947 and 1948, when 


TABLE 9 


RATES OF BirtH, DEATH, AND POPULATION 
Per 1000 1In TAtwan* 
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* Based on Health Statistics of Taiwan in 1948 and 1949, p. 145. 
Provincial Health Bureau, Taiwan. 
the birth rate due to the effect of the army draft 
during World War II dropped to 37.1 and 38.8 per 
thousand, the annual birth rates in the period 
1912-50 varied from 40.7 to 45.9 per thousand. 
On the other hand, the annual death rates steadily 


decreased from 28.0 to 11.4 per thousand 4 the 
same period. Consequently, the: annual rate of 
population increased from 13.9 to 32.2 pe: 
sand. As health conditions are being improv: 
death rate will further decrease, and the annyal 
rate of population will naturally increase unless th 
birth rate can be checked. At an annual increase 
of 30 per thousand, the present population o| 


hou- 
l, the 


Taiwanese would be doubled in twenty-five to thirty 


years. Then, even with the possible combinatio, 
of the highest yield per hectare of rice and sweet 
potatoes as in 1938 and 1937, with the largest acre. 
age, as in 1950, food would be barely enough fo 
low consumption per capita of 14 million peopl 
and the economic situation would become much 
worse. In conclusion, despite the better utilization 
of agricultural and other natural resources, th 
stabilization of population is essential for the futur 
prosperity of this treasure island. 
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LORA MANGUM SHIELDS 


Lora Mangum Shields’ first teaching experience was in the public schools of 

New Mexico, her native state. She took her Ph.D. in botany at the Universit) 

of Iowa in 1947 and since that time has been on the staff of the Department of 

Biology of New Mexico Highlands University. Upon the retirement of Fred W 
Emerson a year ago she became head of the department. 


LANT structure, like nearly all properties of 

organic forms, is closely identified with the 

mode of life of the species and the specialized 
activities of individual parts. Ordinarily the in- 
ternal construction of a plant organ is influenced by 
its function, external form, and orientation with re- 
spect to the main plant axis. The extent of develop- 
ment and the arrangement of internal reinforcing 
elements are usually related to the position and 
symmetry of the plant part and its surface : volume 
ratio. The organization of many plant structures 
suggests that in the operation of natural selection 
in the vegetable kingdom economy of construction 
material in the arrangement, balancing, and orien- 
tation of plant tissues and organs for effective 
functioning was an important survival factor. 


Reinforcements in Plant Structures 


The design of a bridge or a roof is satisfactory 
only if it insures maximum strength and solidity 
with a minimum expenditure of material. To this 
end supporting elements of the structure must be 
arranged according to approved mechanical prin- 
ciples. The same physical laws observed in the 
construction of a modern railway bridge governed 
with even greater perfection the development of 
plant skeletal systems in earlier geological periods. 
hat nonwoody plant parts are provided the neces- 
‘ary support with a conservative expenditure of 
material is evidenced by the delicacy of such struc- 
tures as most leaves and by the slight skeletal 
residue remaining after the average herbaceous 
plant withers. 

Each plant structure develops the requisite me- 
chanical strength. Organs are constructed to with- 
stand in some cases a transverse or bending stress, 
in others a longitudinal pull, in still others longi- 


tudinal compressions, radial pressures, or shearing 
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stresses. Since the distension of cells by an abundant 
supply of water, which lends rigidity to their en- 
closing cellulose walls, is frequently influenced by 
external conditions, more reliable mechanical 
arrangements provide the main support for most 
plant structures. Mature, longitudinally oriented 
water-conducting cells of the xylem insure some 
degree of inflexibility. Since each bundle of vas- 
cular tissue is composed in part of delicate food- 
conducting elements and young xylem cells, the 
development of a coarser, more resistant adjacent 
tissue is mechanically necessary. The specialized 
supporting elements of stems, leaves, and petioles 
include the hard-walled, nonliving sclerenchyma, 
which often forms a gutter-shaped sheath or splint 
girdling the vascular bundle, and flexible, living 
collenchyma which, like sclerenchyma of certain 
species, becomes oriented in peripheral strands o1 
a solid sheath elongate in the same direction as 
the component cells. The qualitative and quantita- 
tive development of the mechanical system, in 
general hereditary characteristics of the species, is 
subject to a limited extent to environmental action, 
as in parts of young tree trunks which produce 
more wood when kept in motion by wind, or in 
leaves and stems which vascularize more heavily 
in a xeric habitat. 

Various architectural schemes in plant parts are 
associated with different functions and orientation 
patterns. Every upright axial organ bearing the 
weight of branches and foliage requires the kind 
of rigidity characteristic of a column. Supporting 
strands in such aboveground parts ordinarily ar- 
range themselves in one or more broken or irregu- 
lar circles toward the periphery, forming a hollow 
cylinder composed of dense, heavy-walled cells, 
illustrated by the supporting framework of the 
herbaceous dicot stem (Fig. 1). The six or more 
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modifications of a cylindrical arrangement of the 
supporting tissue in herbaceous stems have in 
common a decidedly peripheral disposition of me- 
chanical strands, affording protection against bend- 
ing strains, supplying maximum rigidity with a 
minimum expenditure of material and the least 
possible exposure of transpiring surface. 

Special stiffening arrangements are not essential 
in organs pervaded by wide air passages where 
these parts are buoyed up by water in an aquatic 
Myriophyllum and 
where the small amount 


habitat, as in the case of 


Elodea stems ( Figs. 2, 3), 
of mechanical tissue forms a central core. Haulms 
of Juncaceae (Fig. 6) and Cyperaceae, on the 
other hand, are supported by a subepidermal circle 
of I-girders, frequently spaced at irregular inter- 
vals, and are often hollow. 

In wind the mechanical strength of the entire 
root system is tested, different portions in turn 
being stretched taut, like cables in a storm. The 
degree of inextensibility of a structure depends 
upon the cross-sectional area of its resistant ele- 
ments, provided the stretching force is uniformly 
distributed. The more closely the resistant elements 
are aggregated, the more uniform the distribution 
of tensions. For this reason the concentration of 
mechanical tissue in a single, compact, cablelike 
strand, as in monocotyledon and dicotyledon roots 

Figs. 4, 7) is the most advantageous arrangement 
for subterranean organs that must withstand longi- 
tudinal tensions. At the point where the root joins 
the stem this concentration of vascular and sup- 
porting tissue divides into the individual bundles 
that become oriented in the characteristic pattern 
in the main axis aboveground. In many rhizomes 
which function in anchorage, particularly those of 
grasses and sedges, mechanical tissues are united to 
form a solid central strand (Fig. 5), more closely 
approximating root organization than that of the 
morphological equivalent of the rhizome, the stem. 

A more or flattened as the 
foliage leaf, is chiefly exposed to bending stresses 


less organ, such 
in the plane perpendicular to its greatest surface. 
Each of the two lateral halves is frequently oriented 
at a vertical angle on either side of a large mid- 
vein, supported by a skeleton in the corresponding 
form of an inverted wedge (Figs. 10, 11), particu- 
larly efficient in relieving bending stresses. In 
accordance with the nature of the mechanical re- 
quirements of leaves, their main internal support- 
ing elements are arranged at right angles to the 
surface and are roughly parallel. Such girders may 
be deeply internal or barely subepidermal, or both 
these types may appear in any particular leaf, In 
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most grass and sedge leaves subepidermal I-> irdey< 
consisting of sclerenchyma and the enclosed vax i 
othe ! 
(Figs. 8-10). The inner flange of each girder jp. 
sures a uniform distribution of tensions on 
axial surface in these long, curved, ribbonli! 
leaves; the lower surface is protected from com. 
pression by an abaxial development of lateral scle. 
renchyma between flanges. These mechanical tis. 


lar bundle, extend from one leaf face to t} 


e ad- 


OTASS 


sues also prevent buckling, breaking across, and 


laceration, as well as collapse of the blade. Lea; 

margins, particularly exposed to the risk of tearing 

often have special mechanical protection. 
Symmetry in Plant Parts 

The harmony or balance in the proportions o| 
members to the whole, the distribution of parts 
around a line in the body, or on opposite sides o! 
a plane through a body, is designated as symmetry 
Since in its strictest sense symmetry rarely occurs 
in a seed plant as a unit, the term is employed 
in a somewhat looser sense to plants or is applied 
only to individual parts. Jay Hambidge observed 
that the basic line in the design of living things, 
such as shells, flowers, tendrils, the body of man, 
the margins of many leaf types, etc., is a loga- 
rithmic spiral having the external proportions of 
1.618034 to 1.* Hambidge characterized this spiral 
as the line of dynamic symmetry, a curve suggestiv 
of life and movement. 

Static symmetry, on the other hand, based upon 
the pattern properties of the regular two-dimen- 
sional figures such as the square and the equilateral 
triangle, is typical of many plant parts, particularly 
of their internal organization as observed in micro- 
scopic studies. Plant structures that grow vertically 
are usually radially or bilaterally symmetrical. Ra- 
dial symmetry characterizes stems, roots, petioles 
and most flowers and fruits, as well as leaves of ce! 
tain xeric species. Parts other than branches of th 
main axis, which are oriented obliquely or at right 
angles to the vertical, are frequently bilaterally 
symmetrical and dorsiventral in tissue organization 
showing a definite orientation to the mother shoot 

* J. C. Pierce. The Fibonacci Series. Sci. Month! 
224 (1951). 

Transverse sections of typical stems of (1 
blumei Benth., (2) Myriophyllum proserpinacoide 


and (3) Elodea canadensis Michx.; roots of (4 
mexicanus Willd., and {7) Senecio spartioides 
rhizome of (5) Juncus mexicanus Willd.; haulm otf 
Juncus mexicanus Willd.: leaves of (8) Muhler 
pungens Thurb., (9) Sporobolus giganteus Nash, 
Andropogon scoparius Michx., (11) Sphaeralcea inc 
Torr., (12) Rhus trilobata Nutt., (13) Senecto spart 
Torr., (14) Salsola kali L. var. tenuifolia Tausct 


15) Suaeda suffrutescens S. Wats. 
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and at the same time to gravitation, light, and 
pressure. The dependence of internal tissue orien- 
tation on external conditions is most clearly evident 
in dorsiventrally organized parts, illustrated by the 
dorsal, vertically elongate palisade layer and ven- 
tral spongy mesophyll of the mesomorphic dicoty- 
ledon leaf (Fig. 12). Lateral arrangement of such 
parts around the main axis to form a mosaic typical 
of the species provides an optimum light exposure. 


Surface : Volume Relationships in Leaves 


Leaves of plants having a moderate water re- 
quirement are commonly large, whereas those of 
species growing naturally under dry conditions are 
ordinarily small. Just as short persons are often 
corpulent and tall individuals are frequently lean, 
small leaves are commonly thick, and large leaves 
are thin, the two leaf types exhibiting contrasting 
external surface : volume ratios. Small leaves, being 
thicker, expose a decreased transpirational surface 
unit the leaf 
number, however, small-leaved plants sometimes 


per volume. Because of creater 
expose a greater total external surface than those 
with large leaves. 

The increased thickness and smaller size of xero- 
morphic leaves are associated with the greater 
Fig. 13), which 
elongate vertically in multiple rows at the expense 
of laterally expanding spongy mesophyll. This 
structural modification results from a limited water 
supply, high light intensity, or a nitrogen deficiency. 
Palisade cells of xeromorphic leaves reduce resis- 


development of palisade cells 


tance to water movement in the mesophyll. De- 
creased resistance in the leaves of xeric plants may 
be more significant than reduction of external 
surface, which is often illusory. Elongate palisade 
cells may facilitate transfer of food materials, also, 
under the stress of a reduced water supply. 


The fleshy leaves of succulents are thick ned }y 
a dorsiventral development of water storac « tiss,, 

Figs. 14, 15) rather than by multiple \ertic,| 
palisade layers. Water tissues are the first ‘o sho 
evidence of wilting, their radial walls bein 
into folds as the cell shrinks when water is with. 
drawn by the green photosynthetic cells apparently 
having a higher osmotic pressure. The main prin. 
repetition, har- 


1rown 


ciples of design or art structure 


mony, contrast, gradation, and unity—are apparent 


in transverse sections of all leaf types. 


A skyscraper stands because the physica! stresses 
have been correctly calculated and 
the course of evolution, principles of constructio 
similar to those involved in the erection of a build. 
ing or a bridge governed the morphogenetic activi- 


relieved. [1 


ties of plants in economically providing requisit 
mechanical support, in balancing opposing 
and in equalizing surface : 
tional efficiency of particular plant structures. 
Plato observed that if arithmetic, mensuration 
and weighing be taken out of any art, what remains 
will not be significant. Originally symmetry in art 


volume ratios for fune- 


must have been copied from the universal macro- 
scopic symmetrical patterns in living things, sinc 
the artist, like the man of science, picks, chooses 
and groups from existing elements. Symmetry to- 
day has a dubious place in art outside architecture, 
since symmetric balance smacks of patterns, and 
newer schools are revolutionary in accord with the 
times. Balanced, intricately symmetrical designs 
continue to be produced, however, in the growt! 
patterns of plants and animals. Like the architect, 
these growth patterns combine in a harmonious 
scheme the independent and often opposing re- 
quirements for mechanical fitness, convenience 0! 
function, and economy of constructional materials 
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An Evaluation of Science 
Teaching in Senior High School’ 


S. R. POWERS 


Dr. Powers has been identified with science education at Teachers College since 


1923. A native of Illinois and a graduate of its state 


university, he did his 


graduate work and started his teaching career at the University of Minnesota. 


Since his arrival at Teachers College in 1923, Dr. Powers has 


been engaged in 


many extracurricular activities, one of which was his election to the chairman- 


ship of the AAAS Section on Education (Q) and as vice 


I 

HE criteria for evaluation of science teach- 

ing may appropriately be derived from our 

conceptions of (1) the broad aims of edu- 
cation in a democracy and (2) the unique con- 
tribution to these broad aims that is to be made by 
the science teacher. It will be noted in this discus- 
jon that the work of the science teacher is thought 
of as coordinated with the work of the teachers of 
social studies and other such specialists. Each is a 
member of a team that has for its task the educa- 
tion of young people. 

In a democracy the broad aims of education are 
derived from the desires of the people, and these 
include the desire for survival, comfort, freedom, 
recognition, and a place of respect in the social 
group. These are the guides to learning. All of us 
cherish the belief that, if we personally could have 
lreedom for our efforts our work could be creative. 
We estimate, or evaluate, our own success in learn- 
ing by criteria derived from our desires, and evi- 
dence of our success may be seen in self-confidence, 
independence, and in social awareness and partici- 
pation. Our learnings are derived from our ac- 
tivities, and as the learnings are gained they be- 
come parts of our comprehensive view of people, 
! society, and of the world. This comprehensive 
view functions as background for assaying the 
needs in society for services and for estimating the 
opportunities suggested by these needs, for group 
action as well as for personal careers. In some such 
pattern of thinking one may envisage the changes 

* Based on the address of the retiring vice president of 
section QO, delivered at the Annual Meeting of the 
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preside nt of the 
Association in 1951. 


that occur in young people, as they work with free- 
their efforts 
themselves a place of respect in the social group. 


dom to direct toward winning for 

Working within the scope of these broad aims, 
the science teacher will try to help young people 
vain (1) in awareness “of the nature of science 
and its importance to the total social enterprise ;” 
2) in realization “of the dual responsibility of in- 
suring that we have enough competent scientists 
to do whatever job may be ahead, and a voting 
public that understands and supports the scientists’ 
role in defense and in the design for living;” (3 
in extending understanding of science in relation 
(a) to personal and public health; (b) to aspects 


of home and community; (c) to far-reaching 


changes in agriculture, industry, transportation, 


national defense, and in world relations; (4) in 
recognizing and personally evaluating the caree1 
opportunities in various areas; and (5) in com- 
prehending the world as orderly—that is, describ- 
able in terms of relations—and to free themselves 
from superstitious beliefs and other troublesome 
misconceptions. 

The learnings suggested by these special func- 
tions are valid because they are related to, and 
helpful in, situations that will be met by young 
people in the normal course of their development. 
The young person in high school is gaining day by 
day in his comprehension of “the total social enter- 
prise.” Science is important in his life to the extent 
to which it is important in this total enterprise. 
He sees as he gains in these learnings the need for 
specialists and in the process he is challenged to 
examine the opportunities open to him for a per- 
sonal career. He recognizes conflicting points ol 


view concerning such matters as public health, 





agriculture, industry, and national defense; and he 
sees the need for a voting public that can decide 
these issues on the basis of experience. Further- 
more, people, young and old, derive satisfaction 
from their experiences as they learn that the world 
about them is not chaotic, but orderly in the sense 
that it may be described. The student learns, too, 
that in a world that can be described events may 
be successfully predicted, and that consequently 
people can learn to predict the consequences of 
their action and thus give direction to their own 
behavior and assume responsibility for it. 

These special functions are selected from among 
those with wnich we as science teachers are con- 
cerned. The preceding statements (as indicated 
by quotation marks) have been assembled mostly 
from standard sources, including reports from the 
President’s Commission on Higher Education 
(Higher Education for American Democracy) ; the 
President’s Scientific Research Board (Manpower 
for Research) ; and the Educational Policies Com- 
mission (Education for All American Youth). 
These functions are recognized as inclusive of 
many that must be realized as means to the de- 
velopment of young people to be members of a 
dynamic and self-perpetuating society. 

The success of our efforts to realize these ac- 
cepted functions can be estimated from answers to 
questions such as the following: Are our students 
gaining in ability to deal with their own personal 
questions in such a manner that they do gain con- 
fidence and a feeling of security for themselves? 
Are they gaining a community consciousness, with 
a feeling for their own responsibilities as members 
of the community? Are they learning from their 
experiences about the opportunities open to them 
for a successful career? Will they examine the op- 
portunities for personal careers as scientists or as 
engineers? Are they gaining in ability to compre- 
hend from what they experience learnings that are 
related to what they see as they reflect upon them- 
selves as biological organisms and as they look out 
from themselves at the world? 

The successes suggested by these questions are 
discernible in behavior. We identify these suc- 
cesses as we work with our students, as we hear 
them talk, as we listen to their questions and to 
their planning, and as we learn about the ideals 
and attitudes that give direction to their activities. 
As we participate in their activities we learn from 
them as they learn from us. The behavior that is 
evidence of these successes is most clearly recog- 
nizable in the setting of a whole course of action. 
Behavior related to school learnings will be readily 
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recognized when students are working wit! 
and directing their efforts toward goals t 
themselves identified and evaluated. 


II 


But these behaviors are not dissectible. ‘here ; 
evidence over and over that the usual instruments 
used in testing and evaluating give us but litt) 
information about the way our work is a 
the development of our students. These inst: 
seem to tell us most about native ability and jp. 
terests. In our choice of tests of learnings we are 
in considerable measure opportunistic, in the sense 
that we choose them as means for assigning a grade 
but with little regard for principles or for ultimate 
consequences. The nature of the problems to be 
dealt with in evaluation of science learnings and 
of science teaching may be seen in some illustra- 
tions. 

Students in a tenth-grade biology class in a 
small town in New York were encouraged to ex- 
amine their interests in community resources and 
community welfare. They learned or were re- 
minded that their town had been founded as a 
center of an important lumber industry. The sale oi 
lumber had brought great wealth to the early fam- 
ilies. But as time went on the forests were cut and 
the land, unsuited to agriculture, became largel; 
wasteland; consequently the trend in the flow oi 
wealth was out of and not into the community 
During recent years in this and other areas work 
has been directed toward reforestation, and thes 
young people were challenged to study and app! 
the methods of reforestation appropriate to the 


+ 


region. The teacher raised the question of th 


lectin 


iments 


nature and origin of the forests that had been cut 
for lumber. The students were carried back in tin 
to the glaciers and through the plant successions 
that, continuing for 25,000 years, became th 
climax growth that had been the source of wealt! 
for their grandparents. The concepts of successio! 
and climax were carried with them into th 

studies of how to restore the lumber industry 


their community. Many sources were availabl 
them for extending their studies, including 
county agricultural agent, state foresters, an 


settlers. This was a “non-regent class.’ This i 
portant only in that with this designation 
iliar to all New York State teachers) they we: 
to follow their own initiative. No syllabus, 
Regents’ Examination, no standard requirement 
to block their interests. 

The teacher was a long-time member o! 
community, steeped in its local history, and he was 
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an active worker in public service. Many if not 
vost of the students had been born within the 
’ strict, and many would continue to live 
shere alter they had graduated from the school. 
[his study of reforestation was a favorable learn- 
ng experience for these young people. A cursory 
eyaluation is sufficient to show that they gained 

consciousness. This was their com- 
munity. Within it, for better or for worse, were 
resourc s for their livelihood and for their success 
ind happiness in life. They were experiencing the 
teps by means of which industries are created. 
They were preparing themselves to take part in 
these industries and, in the process, to acquire 
homes for themselves and their future families. In 
their learning experiences they were actively at 
work at developmental tasks, and as they worked 
they were gaining in ability to cooperate with 
others, in self-confidence, and in a feeling of be- 
longing to the community group. 

In this illustration we find a teacher concerned 
about the public welfare. Specifically, he was in- 
terested in better opportunities for young people, 
better relations among people with differing social 
backgrounds, better sanitary conditions as a means 
of reducing the incidence of illness, personal free- 
dom, an improved standard of living, and other 
mprovements that he saw as contributory to a 
clearer comprehension of human needs and of the 
means to the realization of these needs. His aims, 
1" objectives, were derived from his interests, and 
the aims took on specific meaning as they were 
projected into the community within which he 
worked. As classes came along, one after another, 
they brought students with the same general in- 
terests, set in the same community. These interests 
we lifelong. While they were together the teacher 
ind his students cooperated in advancing the com- 
mon good. Every act was purposeful, every person 
cared responsibility for contributing to common 
ums. They helped one another. Thus learning was 
accomplished. 

This situation was real, and the teacher was not 


school 


inique. It is normal to have such interests and to 
vork toward them when one is free to do so. Stu- 
cents and teacher were well rewarded. 

in retrospect it seems clear that, in a situation 
uch as has been described, no amount of testing or 
xamining with the usual paper-and-pencil tests 
vould tell an outsider as much about the quality 
' the learnings as could be obtained from an ob- 
‘vation or from a conference with the teacher. 
Each student was eager to succeed. Each one was 
‘esting himself, and as they worked together they 
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were testing each other. They discovered their 
failures and were eager to convert them into suc- 
cesses. The over-all evaluation made by the stu- 
dents was that their work was worth doing, that it 
was interesting and useful. The teacher, aware ol 
the feelings of his students, knew that his work was 
successful. He gained confidence in himself, and 
the people of the community gained confidence in 
him. They liked him for the work he was doing 
with their children. It seems imperative that no 
outside standards should be imposed upon this 
teacher to interfere with his work. From this and 
from other observations it seems clear that if 
teachers are to achieve success they must be trusted. 
Trust is denied as standards are imposed that are 
derived from outside the situation within which 
the teacher works. 

Other illustrations of teaching in which students 
discovered their place in the community may be 
cited. In a medium-sized industrial city students 
in the chemistry class identified the raw materials 
that came into the city. They studied these mate- 
rials and in a measure took part in processing them 
into manufactured products. This was work in 
which many of their parents were engaged. They 
discovered the relations of these processes to com- 
munity and to personal welfare, and that process- 
ing goods was the basis of jobs and of wealth. 

In another area the teacher worked on the as- 
sumption that people, young and old, seek to com- 
prehend the physical universe, that an individual's 
conception of the universe influences his opinions 
about what is valuable in life, and ‘“‘that it is a re- 
sponsibility of education to help each person gain 
for himself a philosophy which takes account oi 
human welfare, is free from superstition, miscon- 
ception, and paradox and is in accord with sci- 
entific knowledge of human beings and the uni- 
verse.” In her work with young people this teacher 
found support for this assumption. The students 
were asked: “Do you think that there should be 
opportunity for boys and girls to discuss questions 
of this type [the type that would arise out of the 
above assumption] so that they may learn the kinds 
of beliefs others hold?” A typical response was: “It 
is not a matter of ‘should there be; there is such 
discussion going on every day between students and 
friends.” 

An important activity in the work of this class 
was the reading of a pamphlet entitled Th 
Spangled Heavens. In the 
pamphlet, some questions were raised about how 


introduction to this 


one’s understanding of the physical universe may 
affect his notions about himself and about life in 





general. The young people recognized these ques- 
tions as in agreement with questions they them- 
selves had often raised. They were challenged to 
examine their questions and opinions and the 
opinions of others about life and the world. During 
their studies, which included observation, reading, 
and discussion, these young people experienced 
many changes in opinion, which were equivalent 
to changes in personal philosophy and were in a 
direction away from “superstition, misconception, 
and paradox” and toward an “accord with scien- 
tific knowledge about human beings and the uni- 
verse.” 

The teaching in these illustrations was planned 
and was done with reference to the objectives 
stated earlier in this paper. The evaluation was 
done with reference to the same objectives. In 
agreement with sound educational theory it was 
assumed that these objectives could be realized. 
The students participated in activities through 
which they “extended their awareness of the nature 
of science and of its importance in the general 
They saw the need for com- 


’ 


social enterprise.’ 
petent scientists, and some were no doubt chal- 


lenged to prepare themselves as specialists in some 
aspect of scientific work. As voters today they will 
understand something of “the role of scientists in 
the design for better living.” They have “gained 
in comprehension of what they see as they look out 
at the world.” 

Attention was centered in these studies upon the 
interests and activities of young people. The learn- 
ings were sought after by the students, not given 
to them as tasks to be done under compulsion. The 
competence of teacher and students and of others 
who may have participated—together with the 
facts and principles of science as found in textbooks 
and in other reading matter—were resources for 
use by the students in following up their interests. 


III 

The illustrations just presented are in contrast 
with teaching situations in which attention is 
centered upon facts and principles as they are pre- 
sented in an organized science course, in which the 
teacher “assigns what is to be learned” and gives 
tests to find out whether his assignments have been 
met. The teacher’s evaluation of his work is car- 
ried in the marks he assigns. The stated objective 
is to learn a science. The practical objective is to 
gain a good mark. The stated objective, and the 
methods used in evaluating success in its achieve- 
ment, may be at least partly valid for those who 
are committed to a career in science. Such students 
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may be seeking this kind of learning. In 
stance the teacher as consultant helps the 
quire what they seek, and the relations bet 
teacher and his students may be closely s 
those described above. 

It is important to note, however, that not 
high school students are seeking such lear: 
seems likely, too, that those who do may have bee; 
advanced prematurely and with losses they ¢, 
never regain. By this early entrance upon 
ization they are often denied the opportunity ; 
learn about “the nature of science and its impo. 
tance to the total social enterprise.” 

The first courses in high school science wer 


Ings. It 


pecial- 


organized as outlines of subject matter and pre- 
pared by college teachers. These courses were, in 
the main, abbreviated college courses. 
comparisons of the high school and the colle 

course in chemistry, for example, have shown that 
there was but little that is distinctive about th 
content of the high school course except its brevity 
A careful examination of the textbooks used in th 
two courses has shown that practically 100 per cent 
of the high school course was included in the col- 
lege course. The outlines followed in preparing th 
texts were the same. The high school courses ha) 

been looked upon as the beginnings of education 
for a career in science. Because of rapid advance- 
ments in the with many _ spectaculai 
achievements in research, young men have beet 
attracted to these courses. 

A standard course in high school chemistry, rec- 
ommended as appropriate for college entrance, wai 
outlined in 1899 by the Committee on Chemistry « 
the Science Department of the National Education 
Association. This committee was under the chair: 
manship of Alexander Smith, at that time associat 
professor in the University of Chicago and, late! 
chairman of the Chemistry Department in Colun- 
bia University. His name is well known to chemist: 
In his treatise on The Teaching of Chemistry | 
the Secondary School (1902), written soon ait 
the publication of the report of his committee / 


said: 


Careful 


sciences, 


It is evidently a prominent aim of the teacher at t 
present day to give his pupils a well-rounded account 0! 
chemistry as a science; to give him a bird’s eye view 
the science as an organized system of knowledge; in ! 
to show him an outline plan of the results of the scic! 
as they appear to the chemist himself. With this purpo: 
in view Avogadro’s hypothesis and its consequences 
formulae and equations (often with graphic formula’ 
and many somewhat artificial experiments with stra! 
substances have to play a conspicuous part in instruct 


From then until now “Avogadro’s hypothesis an 
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ts cons:quences” have played “a conspicuous part 
in instruc tion.” 

- Theories of learning, and theory and practice in 
tion, indicate that these courses are not valid 
‘n terms of the broad aims of high school educa- 
tion or in terms of the special function of the sci- 
ence teacher. A more obvious criticism is based on 
the observation that the level of achievement in the 
courses is very low. As more refined measures of 
achievement are used this observation becomes 


e\ alua 


more convincing. 

This criticism of the teaching of special science 
isnot new. In 1854 Francis Wayland, who was at 
that time president of Brown University, gave his 
evaluation of the teaching of high school chemistry 
in an address before the American Institute of In- 
struction. He said: “I have no doubt that thou- 
sands of the pupils of the somewhat advanced 
schools have gone through a system of chemistry 
supposing that they have studied that science . 
and whose whole knowledge consisted in the recol- 
lection for a few weeks of some of the terms of 
chemical nomenclature.” President Wayland’s 
evaluation has been echoed through the years. If 
he were here today he would surely “have no doubt 
that thousands of the pupils of [our high schools] 
have gone through a system of chemistry supposing 
that they have studied that science” without having 
learned the consequences of Avogadro’s hypothesis 
for formulas and equations. 

It seems certain that, although the vast majority 
of our science students learn to pass examinations, 
they do not learn science. An analysis of the con- 
cepts associated with the words they use as re- 
sponses to examination questions are often naive, 
even weird. Concept analysis will reveal that but 
few high school students will associate with atomic 
or molecular weight the experimental methods by 
means of which these are determined. Few will go 
deeper than to say that atomic weights are got 
from a table and that molecular weights are ob- 
tained by adding the weights of atoms. Such mis- 
conceptions are adequate for the examinations 
they must pass, but they can hardly be other than 
obstacles to the students’ efforts to gain an aware- 
ness of “the nature of science and its importance 
in the total social enterprise.” 

These beginning courses have never been suc- 
cessful. Only a few of the students who entered the 
study of a special field of science continued that 
study into a career. Many who have become career 
men in a science began their study of that science 
in college and continued with no apparent disad- 
vantage as compared with those of their classmates 
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who had studied science in high school. The 
courses were supported for mental discipline, and 
with this support the term “scientific attitude” has 
become a meaningless cliché. They were also sup- 
ported as education in fundamentals. It seems 
likely that these special field courses can never be 
successful in high school; their objectives are stated 
in terms that are not consistent with the broad 
aims of secondary education in America, and they 
do not furnish the science teacher an appropriate 
setting for his special functions as outlined earlie1 
in this paper. Obviously there can be no mid- 
eround. If these courses are not useful, then they 
are useless and hence wasteful. 

The Committee on Physics of the Science De- 
partment of the National Education Association, 
appointed at the same time as the Committee on 
Chemistry, was under the chairmanship of E. H. 
Hall, of Harvard University. In his report to the 
general Committee on College Entrance Require- 
ments, Professor Hall explained that, 
inasmuch as the Physics Committee was made up largely 
of gentlemen who had written textbooks—very different 
textbooks—for schools or were in the way of writing such 
books, I could not undertake to get from them any gen- 
eral agreement as to the details of what a course in 
schools should be. But as Dr. Nightingale [chairman of 
the Committee on College Entrance Requirements] in- 
sisted on some kind of a report on the subject, I at last 
sent him what is practically a description of the Harvard 
requirements in laboratory work as my individual report, 
at the same time notifying the other members of the Com- 
mittee of what I had done, and requesting each of them 
to take corresponding individual action, if he felt moved 
to do so. 

Professor Hall did not report how many mem- 
bers of his committee expressed dissension, but the 
implication was that there were few or none. The 
final report stated, “It may be assumed that the list 
met with approval of those who did not indicate 
dissent.” Hall commented elsewhere that “the list 
of titles of experiments is precisely the same as that 
numbered 1 to 61 in the Report of the National 
Education Association and in the Harvard De- 
scriptive List.” It seems from this report that this 
list of experiments was adopted by default. 

These two reports, the one by Smith and the 
other by Hall, have had dominating roles in deter- 
mining the plan—including aims, content, and 
method 
istry, and in its main outline this plan has been 
followed through half a century. The substance of 


of present courses in physics and chem- 


these reports was incorporated in state syllabi. 
Textbooks based upon the syllabi appeared during 
the first decade of this century, and some of these 
textbooks, following many revisions but still with 





many features of the same general pattern, are in 


use in the schools today. 

These courses, in their origins or as they exist 
today, have not been planned with reference to the 
aims of education and of science teaching as stated 
earlier in this paper. Students who take them have 
but little opportunity to “extend their awareness of 
the nature of science and of its importance in the 
general social enterprise.” Attention is centered on 
the relations recognized as within a particular sci- 
ence, with neglect of relations that may be recog- 
nized as within the “social enterprise.” The deter- 
mining criterion for choice of subject matter is 
derived from the questions “Is it chemistry?” or 
“Is it physics?” 

Interviews with students indicate that, following 
their work in these courses, they do not compre- 
hend the need for competent scientists and are not 
challenged to prepare themselves as specialists in 
some aspect of scientific work. In fact, it has been 
suggested that our general high school and college 
courses in physics lend discouragement rather than 
encouragement to young people to enter science as 
a career. It may be observed, too, that their studies 
have not stimulated them to active interest as lay- 
scientific work as a means to 
better living. The lethargy and open opposition 
among voters with respect to the President’s rec- 
ommendation supporting a Science Foundation 
lend support to this suggestion. With the emphasis 
on assigned subject matter, there is too little op- 
portunity for the student to gain in comprehension 
of what he sees as he looks out at the world. 

In common practice in the teaching of science 
the discovery of the relation between the world 
outside and the organized materials of the course 
is too often left to chance. Teachers sometimes take 
a defensive position, saying they are not interested 
in “applications” but only in “fundamentals.” It 
is a safe conclusion that students and people gen- 
erally are interested in applications and not in what 
seems to them to be an arbitrary definition of 
fundamentals. To satisfy their interests they tend 
to enter courses and careers where there are recog- 
nition of and emphasis on human relations and in 
which fundamentals are defined with reference to 


men in advancing 










these relations. 

There are in these observations suggestions of 
why students shift away from science courses, of 
why enrollments in science are decreasing, of why 
there is a shortage of scientists, and of why there is 
a lack of interest among laymen in advancing sci- 
entific work as a means to better living. The work 


in science courses in our secondary schools and col- 
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lege is not directed toward these ends. Neit \er ha. 
a hss 


the plans for teacher-education in scie1 beer eo 
drawn with reference to the needs of youn : peo) i 
fifteen to seventeen years of age. We often hes cs 
that “the teacher must know his stuff.” There ¢. saa 
be general agreement on this point, but there yp, - 
be strong disagreement as to what “stuff” he sho ail 
know. What is really basic? ne 
I quote once more from Alexander Smith, } hel 
discussed at some length the “necessary prepara. e 
tion” of the chemistry teacher. With all the foy 7 
at his command he wrote as follows (op. cit a 
“The first constituent of this necessary knowled, ay 
of chemistry is general chemistry. If we ask wha will 
the second ingredient must be, we should be coy. sal 
pelled to say again general chemistry, and the san a“ , 
answer must be given at every repetition of t! ad 
question.” sal 
Smith commented further that it is “knowledg ” 
of the science as a whole that is important to s me 
ileal 
cess in elementary instruction.” He suggests t! oi 
the teacher’s first year of study should be devot . 
to general chemistry, the second to advanced 
eral chemistry, to include “qualitative analysis a: I 
determination of molecular weights, the measu: teac 
ment of equivalents and combining weights F ican 
which the refinements of quantitative analysis a) tion 
employed. . . .” Organic chemistry was suggest mea 
for the third year, and inorganic preparations { ati 
the fourth. chal 
These suggestions for the education of the che this 
istry teacher are in close agreement with recom: mak 
mendations in the two yearbooks on science tea! ons 
ing, the Thirty-first—Part I (1932) and the Fo) in t 
sixth—Part I (1947), of the National Society | re 
the Study of Education, and in the Report of th our 
Cooperative Committee on Science Teaching o rhe 
the AMERICAN ASSOCIATION FOR THE ADVAN ire 
MENT OF SCIENCE. Ff 
An evaluation of our plans for the education ers | 


science teachers supports the conclusion that \ nizit 


have been largely opportunistic. We have accepted worl 


The 


traditional plans without questioning their ade. 
tivit 


quacy for specified purposes. We have repeated t! 
The 


publ 


recommendations of Alexander Smith that if o1 
is to teach science he must know science. This hia‘ 
been interpreted as equivalent to saying that if o1 


1 
} 


is to teach science he need know only science. T! 
interpretation has had strong support from t! 
examination requirements for teacher certificatio! 
It is time that this interpretation be challenge 
and that the needs of the science teacher for p! 


ay 


fessional education be viewed in relation 
total setting of his work. If we may agree that t! 
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of the teacher is to help young people deal 


functie 
with tacks that they necessarily meet in the course 
o{ their development, then we may use this as a 
-riterion for defining what is basic in teacher edu- 
cation. 

It is suggested that the success of the science 


be estimated on the basis of his ability to 


teachel 
se science, not merely to recite it. As a means to 
helping young people use science in their lives he 


will learn to use science in his own life. Through 
sich experiences the perspicacious teacher will 
vain an awareness of the nature of science and of 
its importance in the general social enterprise. He 
will learn to recognize and evaluate the oppor- 
tunities for specialization in science and will learn 
to recognize the public issues that are to be de- 
cided by vote. Only as he is educated in these 
matters will he be able to assist (and to refrain 
from opposing) young people in their work. These 
learnings suggested for the teacher are like other 


learnings in that they are gained by doing. 


IV 

In this discussion I have attempted to say that as 
teachers we must work within the setting of Amer- 
ican democracy, and that the traditions and aspira- 
tions of local, national, and world peoples give 
meaning and substance to the broad aims of edu- 
cation. In an evaluation of science teaching we are 
challenged to ask ourselves if we are recognizing 
this setting. Are we educating young people to 
make decisions, to take action with recognition of 
consequences, and to evaluate these consequences 
in terms of their own and the total welfare? Or 
are we merely—or mainly—asking them to follow 
our directions or the directions set forth in a book? 
[he learnings achieved by these alternative methods 
are sharply in contrast. 

In this evaluation of our work as science teach- 
ers we are challenged to ask also if we are recog- 
nizing our functions as specialist teachers and 
working most effectively toward their realization. 
hese functions are defined with reference to ac- 
tivities related to the “total social enterprise.” 
They are illustrated by reference to personal and 
public health, home and community, agricultural 


production, transportation, and other features of 
our everyday life. The special functions are further 
recognized by the fact that young people learn 
about the need for special services, about the op- 
portunities for personal careers, and about the 
need for an informed voting public as they par- 
ticipate in these activities. Still another special 
function is to help young people comprehend the 
relations that exist among the things in their en- 
vironment. 

Two contrasted patterns of teaching, both of 
which are real, have been presented for evaluation 
as means to the realization of these special func- 
tions. The plan in one pattern is that the science 
teacher shall achieve his special functions through 
the use of methods that are directed toward mas- 
tery of what is described as the basic subject matter 
of science. The plan in the other pattern is to 
achieve these functions by methods that are more 
direct. In one illustration the plan was to learn 
through having a part in reforesting a local com- 
munity; a second was through participation in 
maintaining a flow of raw materials into, and 
manufactured materials out, of an industrial com- 
munity; a third was through discovery that the 
physical universe can be described in terms free 
from superstition and paradox and in accord with 
scientific knowledge. In each of these illustrations 
the young people were involved in the planning, 
and the work was carried on with recognition by 
them of its relation to their needs and interests. 

An estimate of the comparative value of each of 
these plans as means to the realization of the spe- 
cial functions may be derived from the extent to 
which the students gain in self-esteem, confidence, 
and social awareness and in the extent to which 
their learnings become incorporated into a compre- 
hensive view of society and of the world. In the 
light of modern theories of learning it seems clear 
that the method in which young people are most 
involved in the planning and in which the work is 
carried on with concern for their recognized needs 
and interests is the most direct approach to these 
learnings, and consequently most effective for their 


realization. 








PETROLEU 


IL is a product in everyday use, 

in automobiles, motor boats, lo: 

ships, and oil burners but also in 

polish, house paint, pharmaceuticals, carb: 
soap, and many other products—in fact, t 
currently in use more than 1400 product 
from petroleum or petroleum derivatives 
The multiplicity of uses of petroleum ji 


large measure to the success of petroleum researcl 


and technological developments through the years 
Research is carried on in every phase of geology 
geophysics, chemistry, physics, engineering, an 
metallurgy as applied to the discovery, productio 
and refining of petroleum. I shall attempt here, i 
the space allotted, to summarize briefly the mor 
important technological developments of the petro- 
leum industry over the past thirty years. 


Geological Exploration 


The rise of systematic geological exploration fo: 
oil took place in the period 1910-25. Prior to this 
the discoveries of petroleum were more or les 
accidental. The requirements for the accumulatio: 
of oil were finally recognized as: 

1) A buried source bed of clay and shale or lime at 
time containing decomposing organic matter that in lat 
years was converted into petroleum; 

2) A neighboring porous and permeable bed or rese! 
voir rock into which the oil from the source bed w 
squeezed by the pressure of the overlying sediments; and 

3) A trap in the reservoir rock to which the migrati: 
oil could flow and where it would be retained over 
geologic ages until penetrated with a well drilled by mod 
ern man. 

Figure 1 shows several typical oil traps. The tw 
on the right are structural, having been produced 
by large tectonic movements or earthquake fault- 
ing. The one on the left is a stratigraphic traj 
arising from a lenticular sand pinch-out embedded 
in nonpermeable shale, and with no especial struc- 
tural relief. From a study of outcrops combined 
with other available information, such as electri 
and radioactivity well logs and_ paleontological 
data on fossils, geologists are able to map horizon: 
below the surface and often can predict the pres 
ence of a structural trap. In most areas, howeve! 
the outcrops are insufficient for subsurface geolom 
and the tools of geophysics must be employe¢ 
From purely statistical considerations, many geolo- 
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—Then and Now 


PAUL D. FOOTE 


At present executive vice president and director of research of the Gulf Research 
& Development Company and vice president of both Gulf Oil Corporation and 
Gulf Refining Company, the author of this résumé of petroleum research has 
had a long and distinguished career. Even a summary of the high offices he has 
held would fill more space than is available here. Dr. Foote is a member of the 
National Academy of Sciences and a fellow of the American Association for the 
Advancement of Science. His article is based on an address delivered on the 
occasion of the presentation of the 1951 Pittsburgh Award (by the Pittsburgh 


Section, American Chemical Society) to William A. 


vists believe that possibly half the oil accumulated 
in ancient sediments must be located in strati- 
sraphic traps, of which East Texas, Glenn Pool, 
and Burbank are good examples. These, except 
by accidental discovery, can be located only by 
combining precision geophysical methods and fun- 
damental geological studies. Even then, the chance 
of detection is small, and at present a vast amount 
of basic research is being directed toward a means 
for discovering such hidden deposits. 

Perhaps one of the most important problems in 
exploration for oil is the recognition of buried 
source beds, since without the source beds there 
will be no collection of oil in either stratigraphic 
or structural traps. The source material had to be 
organic, both plant and animal. Petroleum may oc- 
curin rocks that are much older than the first verte- 
brates and before the first trees developed; hence 
fish and complex plants are not essential. Primitive 
organisms such as algae and diatoms were suffi- 
cient. Bacteria and other low forms of life are cap- 
able of producing hydrocarbons from organic mat- 
ter in the presence of a reducing environment that 
is initially alkaline, such as the water of the ocean. 
The source beds of petroleum are, accordingly, 
fine-grained sediments and muds deposited in the 
sea, or perhaps in an alkaline lake if the sediments 
develop into sufficient thickness. It is the province 
of geology to delineate the areas where millions 
and hundreds of millions of years ago thick sedi- 
mentary deposits were being laid down, together 
with primitive animal and vegetable matter, in 
alkaline water. This work must be done in three 
dimensions, for the physical conditions may be 
vastly different in each successive geologic epoch. 
The entire period in which we are interested 
certainly embraces a billion years. 


May 19592 


Gruse, of Mellon Institute. 


Geophysical Exploration 


Thirty years ago, geophysics was an academic 


subject unknown to the petroleum industry. Today 
it is the key word in oil exploration. The early 
geophysicists devoted to oil prospecting were of 
necessity well trained in the basic sciences and were 
avid students of earth physics as well as being 
professional practitioners. Their problem was to 
learn to measure, and to understand the implica- 
tions of, the variation of all the many physical 
properties affected by the shape and constitution 
of the earth’s crust. 

The first experimental work was done in the 
United States during the very early twenties by a 
group that included E. A. Eckhardt, now vice 
president and associate director, Gulf Research & 
Development Company. In this research artificial 
and were initiated by 
dynamite explosions, and the waves arriving at 


miniature earthquakes 


various seismometers were recorded at a central 


Fic. 1. Typical oil traps. 





Fic. 2. Gulf gravimeter for underwater exploration. 


station. These experiments were technically suc- 
cessful, but they did not lead to immediate com- 
mercial use. The first commercial surveys in the 
United States were made by Mintrop’s Seismos 
Gesellschaft for the Marland Oil Company late in 
1923 and for Gulf early in 1924. Gulf made the 
first discovery by this means—the Orchard Salt 
Dome in coastal Texas, later developed into an 
oil field. 

The first gravity instrument used by the oil in- 
dustry in exploration was the E6tvos_ torsion 
balance. At about the same time in the closing 
months of 1922, the Rycade Oil Company (Amer- 
ada) and Roxana Petroleum Corporation (Shell) 
each received a torsion balance from Europe. In 
the early spring of 1924, Rycade found the Nash 
Dome, the first oil structure and oil field to be 
discovered in the United States by any geophysical 
method. It preceded Gulf’s discovery of Orchard 
Dome by only a few months. 

These early successes led to rapid expansion in 
the use of the seismograph and the torsion balance, 
especially in the coastal areas of Texas and 
Louisiana, and an imposing number of spectacular 
discoveries followed. Oil company geophysical de- 
partments were organized, and geophysical con- 
tracting firms developed rapidly in number and 
in size. By the end of 1932, there were 50 seismo- 
graph parties operating in the United States. Five 
years later, this number had grown to 250. Today 
the number is well over 500. This year the oil in- 
dustry will spend over 200 million dollars on 
geophysical work in the United States alone, and 
double this for world-wide operations. Such ex- 
penditures can be justified only by results. 

The Gulf gravimeter (Fig. 2), which measures 
the force of gravity with a precision in the field 
of 3 parts in 100 million, was placed in service 
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during 1935. The Gulf flying mag: 
(Fig. 3), for measuring and recording the earth 
magnetic field to 10° gauss from a plane 
200 miles per hour, was commercialize: 
World War II. Recent developments in the -ejsmo. 
graph (Fig. 4) involve the recording of the move. 
ment of the earth with a spread of as many ; 
400 detectors placed in a geometrical pa m O1 
array. The mathematical geophysicists have deyel. 
oped methods of interpreting the data so obtained 
in terms of structure to a depth of several miles 
It is now possible to make stratigraphic maps 
similar to the ordinary topographic maps, for a 
horizon at a depth of perhaps 2 miles, with g 
precision of possibly 20 feet in favorable ar: 


meter 


Ne at 


iring 


Drilling and Production 


Edwin Drake drilled the first well for the specifi 
purpose of finding oil, in 1859, near Titusville, 
Pennsylvania. It is a far cry from the Drake well, 
which was only 6912 feet deep, to the wells of today 
that range downward to nearly 21,000 feet, 
4 miles. Most of this progress has been made during 
the past thirty years. The Drake well was drilled 
with cable tools, a method that persists even now 
in Pennsylvania and other Eastern states. Over the 
years it was developed and improved until a well 
10,312 feet in depth was drilled in Pennsylvania 
in 1949. In 1901 the Lucas well at Spindleto 
Texas, ushered in the rotary method of drilling 
which has made it possible for the oil industi 
to keep pace with the demands for more and 
more crude petroleum. Here, also, a prepare 
mud was first used to carry the cuttings to the sur- 
face. It was made by cows milling around in th 
water pit. In those early years, the successful com- 
pletion of a well was signalized by oil spouting hig! 
over the derrick to soak everything in the vicinity 
Today, a well is completed without any outward 
evidence of the tremendous energy that has bee 
harnessed. 

Our modern well-drilling practices are the result 
of continuous technological improvements in mate- 
rials, equipment, and methods. Metallurgists hav 
provided steels with the necessary physical proper- 
ties, and engineers have developed processes 
fabricate them into drill pipe, casing, and tubin 
for deep, high-pressure wells. These scientists als 
have teamed up to provide the rock bits to drill 
and core the hard formations encountered in deep 
wells and to develop the surface control equipmen! 
—master valves, blowout preventers,* “Christmas 
trees,” etc.—that makes it possible to bring 1 
well safely and without loss of oil and gas. 
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Fic. 3. Gulf flying magnetometer. 


During this same period, colloidal chemists 
made an essential contribution by the development 
of drilling muds of sufficient density to control the 
high pressures in deep wells, to carry the cuttings 
to the surface, and minimize the caving of the 
walls of the bore hole. More recently, chemists 
have provided special drilling muds, such as the 
‘ilicate-salt-water muds, which are particularly 
fective in preventing the heaving of shales and 
we unaffected by contamination with formation 
brines. Other examples are the oil-base and emul- 
on-base muds used to insure maximum produc- 
tive capacity from formations containing clays 
that swell on contact with water. The oil-base 
muds also permit more accurate analysis of the 
ores of the formations penetrated and, hence, a 
more reliable estimate of oil reserves. 

Electrical engineers and electrochemists have 
filled the need for information 
about the strata exposed in the well by the devel- 
opment of electrical and radioactive logging tech- 


partially more 


niques. By these tools it is possible to correlate the 
lormations from well to well and to distinguish 
amon 


shales, water-bearing sections, and poten- 
tial oil-bearing formations. There is a possibility 


that further progress in well logging may reduce 
substantially the amount of expensive coring now 
necessary. 

As the search for oil extended to the marshes of 
the Mississippi delta, engineers solved the problem 
of unfavorable surface conditions by mounting the 
drilling rig and auxiliary equipment on_ barges 
that 
dredged canals, sunk to rest on bottom during the 


could be towed to the location through 
drilling, refloated on completion of the well, and 
towed to the next location. 

Drilling of the tidelands of California and later 
of Texas, Louisiana, and Mississippi was accom- 
plished by supporting the equipment on a plat- 
form on top of piles high enough to be above the 
level of the waves during severe storms. It was no 
mean feat to design these for safety against waves 


More re- 


cently special floating equipment and structures 


and winds under extreme conditions. 
have been constructed for drilling in the open 
Gulf of Mexico in more than 50 feet of water. In 
spite of these advances, overwater drilling would 
not have been economically profitable without a 
that 


permits the sinking of several wells from a single 


method for controlled directional drilling 
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Fic. 4. Seismograph operations. 


platform. As these overwater platforms cost al- 
most a million dollars, the economic importance of 
this development is readily apparent. 

Today drilling technologists are faced with nu- 
merous new problems, among which two of the 
most important are: how to drill wells cheaper, 
and how to drill to 30,000 feet. Thirty years ago 
the wells in a field were worked at maximum ca- 
pacity. It was not long before they began to pro- 
duce water and then ceased to flow. In the late 
twenties thoughtful people in the industry came 
to a realization that perhaps this unsatisfactory se- 
quence could be modified advantageously if more 
were known about the conditions in an oil reser- 
voir and the physical principles that governed the 
flow of oil into a well. Gulf and other companies 
decided to explore this new technological field. 
Physicists were brought into the production and re- 
search departments, and the science of reservoir 
engineering was born. 

Pioneering investigations—both theoretical and 
experimental—led to the derivation of the laws of 
flow of fluids in a reservoir. It was shown that the 
production of the wells in a field could be regu- 
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lated so as to insure the efficient utilization of th 
energy available in the reservoir, whether it cai 
solely from the release of gas dissolved in the \ 
or was augmented by the pressure of wate 
lowing the oil. It was also shown that the recov: 
from a gas-drive field would be lower than from 
water-drive field. Although some early attemp' 
had been made to increase recovery by air o! 
injection, maintenance of vacuum, or injection 
water, it became possible to predict the results ' 
be expected from these measures by the applica: 
tion of the mathematical theories developed } 
the reservoir engineers. Since it was thus feasi! 
to calculate the economics, an impetus was s 
plied to secondary recovery projects, such as pres 
sure maintenance, repressuring, or water floodi 
Under the open-flow practices of thirty or m 
years ago, the ultimate recovery ranged from - 
to 40 per cent of the oil in place. By application 
the principles of reservoir engineering in both pr 
mary and secondary stages of production, it 1s no’ 
possible to recover 60—90 per cent of the availal 
oil. Each barrel of extra oil so produced is equiv? 
lent to the discovery of a barrel of new oil. Rese’ 
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proved emulsion-breaking chemicals, 


eering has made a major contribution to 

mn. 
idies of reservoir behavior provided the 
' determining the minimum number of 
ells required to drain a reservoir effectively. Thus 
ptimum well spacing was accepted as a basic con- 
cept for efficient and economical operations. It has 
been a potent factor in unitization or voluntary 
yooling of leases a field, for it eliminates the 
xpenditures for unnecessary development wells 
and. the case of secondary recovery projects, 
nnecessary injection wells. Unit operations con- 
erve capital, equipment, manpower, and operat- 

g COSt. 

Meanwhile, physical chemists were busy investi- 
the pressure-volume-tem- 
hydrocarbon systems. 


ting other phases of 


Vall 
perature relationships of 


Many of the deeper reservoirs were found to exist 


as a single gas phase, and these reservoirs were 
sibject to the phenomenon of retrograde conden- 
sation. Numerous gas cycling projects were under- 
taken to maintain reservoir pressure above the 
retrograde condensation pressure and thus to in- 
sure maximum recovery of this nearly white crude 


oil of high gasoline content. 


Concurrently, petroleum engineers and chem- 
ists were developing better well completion tech- 
niques, aids to faster and more complete recovery, 
such as acid treatment of limestone formations, 
hemical water shut-off treatments, well cement- 

hydraulic fracturing of the formation, im- 
economical 
rtificial lifting methods for deep wells, labor-sav- 
ng automatic equipment, and inhibitors effective 
gainst corrosion of well and surface equipment. 
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Space does not permit a proper tribute to the 
technological accomplishments which in the short 
span of the past thirty years have placed the drill- 
ing and production branches of the oil industry on 
a firm scientific foundation. 


Refining 


In the 
for straight-run gasoline and for the higher frac- 
tions of kerosene, heating fuel, and lubricants. But 
with the rising public demand for powerful auto- 
mobiles, such as Reo the Fifth (Fig. 5), which 
R. E. Olds claimed as the final word in luxurious 
design, it appeared evident that the 10-20 per cent 
through distillation 


early days, crude oil was simply distilled 


gasoline fraction obtained Q 
would not be in sufficient volume to satisfy the 
requirements. Known crude reserves were limited. 
In fact, one of the great geologists of that early 
period was awarded an honorary degree for hav- 
ing the courage to predict that oil would be ex- 
hausted within a decade. Scarcity of gasoline 
might therefore force up the price to a point where 
it would stifle development of the automobile in- 
dustry or divert it to the use of steam or storage 
batteries. 
William M. 
Indiana, 
finally developed a process of thermal 
fractions of the 


Burton, of the Standard Oil Com- 
pany of after two years of intensive re- 
search, 

cracking 
crude, thereby doubling the yield of gasoline. Fig- 
ure 6 shows the first experimental Burton still, and 
Figure 7 a battery of Burton stills in commercial 
Stills such as these produced 200 mil- 


some of the heavier 


operation. 


lion barrels of gasoline before they 


planted by newer methods of cracking. 


were Sl Ip- 
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Fic. 5. Reo the Fifth 





Fig. 6. First Burton experimental still. 


No industry is more highly competitive than 
petroleum refining, and this work immediately 


stimulated intensive effort on the part of every 
oil company to develop new and better methods of 
thermal cracking with higher yields of gasoline. 
Work on thermal cracking of heavy oils to gasoline 
was undertaken by Gulf at Mellon Institute in 1911. 
Figure 8 shows the Gulf polyform system of ther- 
mal cracking in its modern version, with large 
yield and high octane number to satisfy the de- 
mand of the high-compression internal-combustion 
engine. In this process, the stream of oil passing 
through the cracking chamber is augmented by 
large volumes of light hydrocarbon gases. While 
the heavy molecules are cracked or broken into 
vasoline constituents, simultaneously the gas mole- 
cules are joined together or polymerized to in- 
crease the yield. 

There is an old, old story of the Arab who be- 
queathed to his three sons, respectively, one half, 
one third, and one ninth of his fortune. Upon his 
death, his property consisted of seventeen camels, 
which number obviously is not divisible by two, 
three, or nine. A sheik who was called in to settle 
the dispute agreed to add his personal camel to 
the lot, making a total of eighteen, whereupon, by 
the terms of the will, one half, or nine camels, was 
awarded to the first son; one third, or six camels, 
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to the second son; one ninth, or two came! 
third son. The camels thus distributed w 
plus six plus two, or seventeen. Lo and 


to th 


one camel remained as the property of t! 

Fig. 9). Great is the power of Allah! Th 
eenth camel made the entire distribution 
yet played no final role in the reaction. That js ¢] 
definition of a catalyst, and catalytic chemistry ha 


ossib] 


become the motivating agency in modern petro. 
leum refining. 

The first high-quality catalytically produced 
gasoline was manufactured by the Gulf aluminum 
chloride process as developed by Gulf’s A. \ 
McAfee shortly after Burton’s discovery. Figure 1) 
shows a commercial plant. Because of high op- 
erating costs, this method was superseded by the 
Houdry process, using a fixed bed catalyst con. 
sisting of pellets of synthetic clay. Although this 
type of cracking combined with thermal cracking 
was responsible for much of the base stock fo; 
aviation gasoline during the second world war 
cyclic regeneration of the catalyst every twel 
minutes required inherently costly design of re 
actor and valving. As a consequence, two newer 
methods of catalytic cracking, employing a con- 
tinuously regenerated moving bed, were devel 
oped. One of these was the thermofor process ; 
Socony-Vacuum, in which a large column of pel- 
leted catalyst was allowed to fall by gravit 
through the reactor zone. Into this moving c 
umn, the vaporized cracking stock was introduc 
and the various products were withdrawn as con- 
tinuous streams. The spent catalyst from the bot 
tom of the reactor was transported by bucket « 
vators to a regenerator kiln and from there w 
returned to the reactor. More recent modifications 
have employed an air lift or pneumatic conve) 
for handling the catalyst. Figure 11 shows Gul 
30,000 barrels per day thermofor unit at Port Ar 
thur, Texas. 

The other and extensively 
method is the fluid catalytic cracking process, 
which the catalyst is in the form of a finely a: 
vided powder. This powder is supported on 1! 
oil vapors in the reactor and by the combustic! 
gases in the regenerator, and is in a fluidized sta! 
throughout the entire process. The combinati 
of the vapors with the finely divided catalyst b 
haves hydrodynamically precisely as a liquid ha' 
ing half the density of water, and flows throu 


most employ 


a system of pipes and vessels constituting 

plumber’s dream (or nightmare). Figure 12 show: 
the largest fluid catalytic cracking plant in 1 
world, 60,000 barrels per day, located at Gull’ 
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Port Arthur refinery. ‘The surface area of the 
catalyst passing through the reactor in a single day 
| is approximately 2 million square miles. 

Catalytic cracking is only one of the many new 


| catalytic processes of the petroleum industry em- 


ployed for the volume production of liquid fuel. 
Merely the names are formidable enough without 


Fic. 8. One of Gulf’s 
polyform process units. 


Fic. 7. Battery of Bur- 
ton commercial stills. 


going into detail. A few of these are sulfuric acid 
alkylation of paraffins, olefin polymerization, aro- 
matic alkylation, catalytic reforming, hydroform- 
ing, isomerization, hydrodesulfurization, aromati- 
zation, hydrogenation, and dehydrogenation. These 
and numerous other processes, such as solvent ex- 
traction, solvent dewaxing, acid, clay, and alchlor 

















treatment, and sweetening processes, make petro- 
leum refining one of the most involved activities of 
the entire chemical industry. 

Over 90 per cent of the hydrocarbon molecules 
in military aviation gasoline were not present in 
the original crude oil but are made synthetically by 
processes unknown even in the laboratory of 
twenty years ago. Motor gasoline contains about 
60 per cent synthetic molecules. The exact ar- 
rangement of the atoms within a molecule is of 
the utmost importance, and refining is directed 
toward the production of the more effective orien- 
tations. For example, it would be quite possible to 
manufacture two gasolines, made of a long series 
of components, having for each gasoline the same 
empirical formulas and in identical percentages, 
one gasoline that would satisfy the requirements 
of the highest compression motor ever developed, 
and the other that would wreck an ordinary engine 
within a hundred miles—if indeed the engine 
could be made to turn over at all. Yet with all this 
organic chemistry and chemical engineering, be- 
cause of the tremendous volume of production, we 
are able to purchase gasoline, less tax, for the price 
of bottled drinking water. This is the outstanding 
achievement of our generation; the result of chem- 
ical research in the laboratory. It is the reason the 


THE ARAB ‘S WILL 





A hh 
TRRERARRARANNAAAAY 
\ iN ni NK - - 
| WNW YAWN viii \ ‘2 
\ M4 Jp) WP, ) Wi ) WM P Re ee 2 
DIVIDE 17 CAMELS BETWEEN —*| son *2 SON “3 SON 





SHAR AANA AL 


CLLLALAat 
hy Wily _ Wy 


SHEIK ABDUL ABUL GRUSE ADDS PERSONAL CAMELYTIC AGENT * 
} 





| 
by y) a wale 


i wa vn 








THAR 


\y 8 Ae 


*| SON SHEIK ABOUL ABUL GRUSE 


Ficure 9. 


oil companies of this country are willing ¢ 
more than 100 million dollars annually in y 


Product Development 


Gasoline is the major product of petroleu 
research is constantly directed toward obt ining, 
at the lowest possible cost, the maximum \ tune 
yield of suitable octane number, volatility, and 
balanced performance for the internal-combustion 
motor. Currently, intensive research is concerned 
with attempts to develop gasolines that do not 
permit the formation of deposits in the combustion 
chamber that may give rise to knocking or preig. 
nition. After a few thousand miles of driving, a 
new automobile usually requires a much higher oc- 
tane gasoline because of these deposits, which can 
be minimized by suitable chemical addition agents 
in either the gasoline or oil, or both. Other re- 
search on gasoline includes investigations of com- 
positions to reduce formation of gummy deposits 
in the lubricated section of the engine. 

Fuel oils, including distillate fuels for domestic 
heaters and furnaces, jet engine fuel, Diesel fuel, 
and residual fuel, constitute the next major group 
of petroleum products. Improvements in domestic 
fuel are being made by additive agents to prevent 
sludges that clog the fuel lines and nozzles, and to 
increase the stability of the fuel in storage, a 
problem that has become more serious with the 
development of catalytic cracking. Two Diesel 
electric locomotives were in use in 1924. The pres- 
ent number is about 14,000, representing approx- 
imately 50 per cent dieselization of American rail- 
roads. The problems of Diesel fuel are preventior 
of sludging in storage, provision of rust-preventive 
properties, and adequate ignition quality. High sul- 
fur content of Diesel fuel does not cause excessiv 
wear, combustion deposits, or corrosion if th 
lubricating oil contains certain types of oil-soluble 
detergents. Research on residual fuels for steam 
boilers and gas turbines is largely directed toward 
the development of additives to neutralize the cor- 
rosive effects of vanadium on steel. At present 
fuels of low ash content to reduce deposits, and 
low vanadium content to reduce corrosion, must 
be selected for gas turbines. 

After all the economical refining methods {fo 
the production of lubricating oils have been ut- 
lized, the following improvements in performanc' 
properties may be obtained by the use of special 
additive agents: Inhibition of oxidation; preven 
tion of corrosion of alloy bearings; reduction ‘ 
wear and rusting of engine parts; keeping engines 
clean; reducing detrimental effects (wear, corro- 
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son, and deposits) of sulfur in gasoline and Diesel 
luels; low congealing temperature; low tempera- 
ture coefficient of viscosity; elimination of foam- 


cost of an internal-combustion motor, minimizing 
fouling, bearing corrosion, and wear. Similar im- 
provements of industrial lubricants, greases, tech- 
nical oils, waxes, and insecticides are effected by 
special compounding with small amounts of chem- 
al additives developed through research. 


Petrochemistry 


One of the most sensational of all large-scale 
ommercial developments has been the rise of the 
petrochemical industry, in which petroleum hydro- 
carbons are converted to chemicals and chemical 
intermediates. Thirty years ago almost no chemi- 
cals were made from petroleum. Today the indus- 
try is rated at 2 billion dollars, and the production 
s 16 billion pounds per annum. Production of 
petrochemicals is now 100,000 times, production 
just twenty-five years ago. Growth in the past ten 
years has been 1500 per cent. Today about a quar- 
ter of all chemical production starts with petro- 
leum, and a fourfold increase is expected in the 
next ten years. This rate of growth is startling be- 
cause it is inconsistent with the rate of growth 
of general industrial production, which, during 
the past decade, was only about a fortieth as much. 
In this period even the plastics industry grew only 
about half as fast as the over-all petrochemical in- 

The reasons for this industrial revolution 
teresting. Let us look at a few of them. 
mical intermediates from petroleum have 
a substantial portion of their markets in the 


Fic. 10. Gulf catalytic 
cracking plant (McAfee 


process 


displacement of materials from agriculture. Im- 
provements in agricultural methods are not being 
applied rapidly enough to take proper care of the 
growing population—5000 a day increase for the 
United States, and 60,000 a day for the -world. 
Synthetic fibers from petrochemicals have reduced 
land requirements for fibers about 2 per cent. If 
the 1.5 billion pounds per annum of ethylene now 
being obtained from petroleum had to come from 
the fermentation of vegetation, we would require 
over 2 million acres of our best land fer the pur- 
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Fic. 12. 


pose. The billion pounds of detergent now made 
largely from petroleum are liberating another 2 
million acres of cropland. The present production 
of synthetic methanol and acetic acid would have 
required the balanced production of wood from 
6 million acres of forest. These few examples could 
be multiplied many times. 

The petrochemical industry has been an impor- 
tant factor in the conservation of our resources. 
Less than thirty years ago all synthetic methanol 
was made from coal. Now more than a third of it 
is made from petroleum. Thirty years ago, all etha- 


nol was made by fermentation. Now more than 


half of it is made from petroleum. These shifts 
have been stimulated by the fact that, although 
other commodity costs have risen substantially dur- 


One of Gulf’s fluid cracking 


units 


ing the past thirty years, costs of petroleum hydro- 


carbons have remained about stationary. At th 


same time great advances have been made 11 


methods for the synthesis of needed materials fro: 
ethylene and other simple petroleum derivatives 
It is not necessary to supply a superficial cata- 
logue of chemical intermediates now manufactur 
in bulk from petroleum. The briefest descriptor 
of some 5000 commercial finished products 
petrochemical intermediates would require a bo 


of considerable size. 


In conclusion, this résumé is necessarily a hope: 


Tf 


lessly inadequate historical background of a 


to which many outstandine men have devot 


their scientific careers. 
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sterious Crater Elegante 


ALLAN O. KELLY 


Mr. Kelly lays no claim to being a scientist, but such careful observers of natural 

phenomena as he—amateurs though they may be—have often been of incal- 

culable assistance to scientists in many fields. The great men of the Royal Society 

in the seventeenth and eighteenth centuries were only too glad to accept the 

help and the firsthand observations of talented amateurs, in their search for “the 
knowledge of causes and the secret motions of things.” 


IDDEN in the environs of Pico del Pina- spite of the fact that it was located in a volcanic 
cate, one of tne wildest parts of northern area. My son William and a college friend, Fred 
Sonora, Crater Elegante is a natural won- Barth, were on Christmas vacation at the time and, 
der that few people have seen. In fact, few had being as excited as I at the prospect, decided to 
even heard of it until Wilson McKenney wrote an accompany me. After gathering together food and 
aticle describing it (Westways [December 1951]). camping equipment, the three of us set off on 





ing intensely interested in this phase of geology, December 29 in a rainstorm, to find and explore 
| thought I knew something about most of the Crater Elegante. 
craters of the world, but here was a new one We were told at Sonoyta to turn off the highway 
varcely 400 miles from my own doorstep. at Espinosa’s Ranch and that Sr. Espinosa would 
Most of McKenney’s story has to do with the give us further directions. We found the ranch 
apagos Indians and their sacred cave on Pico del house easily enough, it being the only house be- 
Pinacate, but he also mentions nearby Crater tween the border and the gulf, but Sr. Espinosa 
Elegante. According to McKenney, this crater was was not at home. His cook, who had recently 
frst described by Carl Lumholtz, who explored the arrived from Los Angeles, had never heard of 
1 in 1909 and wrote a book about it—New Crater Elegante, but he assured us that the road 
n hydro- MM Tvails in Mexico. He also tells us that the following that left the pavement in front of the ranch must 





. At the fear William.T. Hornaday went to the same area be the right one—there was no other road any- 
nade in fto obtain specimens of the Gillard bighorn moun- where thereabouts. (He also told us that several 
als from tain sheep for the American Museum of Natural jeeps had recently gone that way, but that none 
rivatives. History. He says that both Lumholtz and Horna- _ had ever returned. 

lal cata- #iday “exhausted their vocabularies in praise of the With this encouraging bit of information, we 


factured #Mbeauty and magnificence of this crater.” It seems, started following the jeep tracks through a wilder- 
scription #however, that all their praise was not sufficient to ness of brush and cactus. ‘The road wound around 
cts from Mentice other travelers to this forbidding and track- among the cactus and the mesquite bushes in a gen- 
» a book less desert, for few places on the continent were as__ eral northwesterly direction, and was never straight 
little inhabited or as hot and lacking in water. for more than a hundred feet or so. Rainfall had 
Now all this is changed. A good paved highway — been unusually heavy during the summer, so that 
rads south from Gila Bend, Arizona, to the little the desert flora was lush and green. The giant 
border town of Sonoyta and on to Puerto Penasco, saguaro is the outstanding feature of this land- 
popular fishing village on the Gulf of California. scape, although the organ-pipe and graybeard cac- 
Water, food, and gasoline are available in these tus run it a close second. Ironwood and paloverde 
towns, and during the winter months the climate is trees line the dry washes, and mesquite and 
delightful, Crater Elegante lies about 15 miles to creosote bushes dot the landscape in between. 
ie northwest of the paved highway and about The only signs of animal life were a large flock 
hallway between the Mexican border and the gulf of some kind of sparrow, a few ravens, a lone 
Fig. | jackrabbit, and the common black beetle known 


When I read about the crater I immediately — in Spanish as pinacate (after which the peak is 


cetermined to go there, because McKenney’s de- named). This black beetle, when disturbed, stands 


<ription and the one picture in his article led me on its head, points its peak to the sky, and emits 
0 believe that it might be of meteoritic origin, in a stinking smel] well calculated to drive away its 


Q] 





enemies. Apparently the early Spanish explorers 
were reminded of the pinacate when they saw the 
sharply pointed volcanic peak, and so named it. 

A few miles from the ranch, the road passed 
close to a volcanic rock protruding from the desert 
floor. We stopped to climb part way up this rock 
in order to view the plain to the northwest, where 
ve knew the crater to be located, but nothing that 
looked like a crater rim was visible. We resumed 
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Fic. 1. Sketch map of crater area. 


our journey of ups and downs and roundabouts for 
perhaps another ten miles, until we reached a 
cinder cone rising abruptly from the nearly level 
desert. We climbed to the rim and found a small 
crater, but nothing that answered the description 
of Crater Elegante, so we continued to follow the 
jeep tracks. After another hour of driving we came 
to an intersecting road and a small sign reading 
Sonoyta. As it was noon, we stopped for lunch 
and considered where to go next. It seemed clear 
that the jeeps that had never returned had taken 
this way to Sonoyta. Why, we could not imagine, 
but we knew that we must backtrack over our route 
and try some of the fainter trails leading off from 
the jeep tracks. After exploring several trails that 
branched into other trails, we hit upon one that 
led toward a smoothly rounded hill that looked less 


rugged than the surrounding lava beds 

cones. This trail ended in a gulch at the 

hill, where we found two bales of alfalfa 

made me sure we had taken the wrong t 

that this was just a camp where some co 
brought hay for the saddle horses at rou in 
We had been looking for the jeep tracks made be 
McKenney a few months before, but finding the 
hay seemed to make it clear that we were not op 
the right trail. 

pena it was getting near time to ma 

» decided to climb the hill and aie. a: 
saiail for the crater rim that McKenney } 
described as rising about 80 feet above the plai 
It was possibly a thousand feet up the slope t; 
the top of the hill and perhaps 175 or 200 feet j: 
vertical rise, but only in the last few yards did \ 
realize that we were approaching a rim. Then we 
came suddenly upon a tremendous chasm (Fi 
2). It was breathtakingly magnificent! The wild 
beauty of the scene was enhanced by the ston 
clouds hovering around Pinacate Peak to the south 
and by the approaching darkness. 

We had only a few moments in which to pite 
camp before dark but we could not resist scram- 
bling down the talus slope of the upper crater bow 
and looking over the sheer cliff. This clifi 
judged to be about 200 feet high. It is composed 
five separate lava flows, interspaced with thin bed 
of ash, and extends entirely around the crater, At 
the top of the cliff we saw evidence of the great 
heat that had been generated. The surface of the 
old lava rock had been remelted to a depth of hal 
an inch or more in exposed places along the lip of 
the cliff, and the flow pattern of this surface was 
very plain. Also, it appeared that the upper layers 
of rock had been blasted back horizontally a few 
feet, leaving striated markings on the slippage s 
faces like the “slickensides” found in clay fault 
planes. In other places the melted surfaces along 
the lip of the cliff had flowed down over the si¢ 
in iciclelike objects several feet in length. Thi 
surface melting did not appear further down ¢ 
face of the cliff, so far as we could see. 

We reached our pickup truck about dark and 
just as it began to rain, but after some scurrying 
about we got a shelter up, a fire made, and a hot 
stew cooked for supper. In the morning the % 
had cleared, so I ascended the rim to take pictur’ 
and to view the crater from various points. I! 
entire circumference of the rim is nearly lev 
except for a rise of about fifty feet on the easte! 
side where an old cinder cone was neatly cut ! 
half by the catacylsm that made the crater. Th 
cinder cone has a small crater in its top which ' 
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d cinduiifho or thice hundred feet across and half as deep. 
Ot of thal he arc o! the big crater cuts the little one exactly 
a hay, Thiamin hall. 


Walking along the west rim of the crater, we 


ame upt 


trail aoai, 
“ , several rings of stones that looked like 
its except that no signs of fire were 
t the foot of the slope we found the 
fire pits with ashes and with the rocks 


Owman had 
7 lup time famamplire 
ks made hammevident. 

emains O 


Jit and blackened by fire. Also, along the top ot 
rim we found crosses with points of equal 


finding th 


the cardinal points of the compass, but 


nake campgmength like 
fad out to point northwest-southeast by northeast- 


ke another 
enney hadgmouthwest. These crossés were about four feet in 
ae ameter and made of stones six to eight inches in 
ameter; all had the same desert glaze as the 
yrounding boulders. When lifted out of place, 
hey were found to be slightly embedded in the 
round and to have the typical cream color on the 
nderside that is 
oulders all over the Southwest. Apparently the 
ings and crosses are of considerable age and were 


the plain, 


rds did id 
. Then we 


asm (Fig and 


common to lava stones 
The wild 
the storm 
» the south{/robably put there by the Papagos Indians when 
ey frequented this region. 

We did not walk entirely around the crate: 


m but went far enough to see that at least two 


h to pit h 
ist scram 
rater bowlfmbirds of its outer slope was perfectly symmetrical; 
3 cliff we 
mposed of 
thin beds 
crater. At 
the greatfimlope 

We made no attempt to go down to the crater 


and we judged by the continuing level rim on the 
outh side that its outer slope was symmetrical too. 
tis very likely that the bisected cinder cone on the 
ast side marks the only interruption in the oute1 


ace of the 
Hoor because our time was limited, but we did see 
vhat looked like a fairly easy staircase under the 
iorth shoulder of the cinder cone, We climbed 
lown to the edge of the sheer cliff in two places 


the lip of 


rface was 


and walked along it for some distance, where we 
page sur-fmeaW the same evidences of heat that were men- 
clay fault 


ces along 


tioned earlier. 

Crater Elegante seems to have an unusually 
arge variety of plant life as compared with the 
urrounding desert. Many of the plants were in 
loom or nearing that stage. A kind of tiny lupin 
overed most of the ground between the boulders. 
It grows only an inch or two high, and its foliage 


r the side 
oth. This 


down the 


dark andi 

scurrvine 2 brownish-purple, matching the glaze of the 
nd a hoge’va rocks. The flower stalks were no more than 
- the svge2lf an inch long, and the blue flowers were so 
2 picturs mall that one had to get down on the ground to 
‘nts, Thi that they were lupins. Desert enthusiasts call 
rly leve ich flowers “belly flowers” because of the neces- 
> easter Ol getting down on one’s belly to view them. 
ly cut i! \t the edge of the cliff and downward over the 
ter. Thig’c’.we saw a new plant that we did not see else- 


which sg’"TC: apparently it likes cliff walls and only grows 


NT HL) May 


in such places. Growing out of the crevices in the 
dark lava walls, this brilliant green plant is an 
astonishing contrast to the other desert plants, 
which are generally of a gray or gray-green color. 
It looks like some hothouse or tropical plant. Its 
leaves look as if they were freshly varnished o1 
covered with dew as they sparkle in the sunshine, 
and even in the heat of the day they look as if 
they were covered with dew. It grows from twelve 
to eighteen inches tall and looks very like a gera- 
nium, so far as the leaves are concerned, although 
the stems are somewhat large for the rest of the 
plant, like many of the desert succulents. The 
flowers are small and individual, with green petals 
and yellow centers hardly more than an eighth 
of an inch across. There was a small daisy bloom- 
ing among the rocks, many barrel cactuses with 
brilliant 
cactus with its tiny scarlet fruit. Big saguaros were 


red spines, and the little pincushion 


growing from the most unlikely places in the cliff 
and on the crater floor below; also the fiery oco- 
tilla 


of the desert. 


not then in bloom) and many other friends 


Fic. 2. Crater Elegante, within easy access of the paved 
road connecting Ajo, Arizona, and Puerto Pefiasco on 
the Gulf of California in Sonora, is a subcircular depres- 
sion much like Meteor Crater near Winslow, Arizona, in 
size, form, and relationship to the surrounding country 


We 


explorers, we had hoped to come home with a 


looked in vain for meteorites; like good 
truckload of these valuable specimens from outer 
space. However, a small magnet would pick up 
quantities of magnetic material almost anywhere 


it was touched to the ground. If there are iron 


»Q 4 











meteorites in this area, they will be rather difficult 
to find because of their similarity in color and 
texture to the lava boulders that cover the surface 
everywhere. Meteor Crater in Arizona, by con- 
trast, is blasted out of white sandstone, and any 
dark object like a meteorite is at once visible. 

Crater Elegante is especially mysterious and 
interesting because it has so many of the physical 
aspects of a true impact crater and yet is located 
in the midst of a volcanic country. McKenney 
spoke of the sheer walls of granite—one of his 
statements that led me to believe the crater might 
be of impact origin—but I saw no granite within 
the crater or on its outer slopes. I did see some 
granite mountains about 30 miles to the east and 
north. 

McKenney’s party measured the depth of the 
crater by aneroid barometer and found the rim 
to be 975 feet above sea level and the bottom 365 
feet above sea level, leaving a difference or depth 
of 610 feet. He judged the diameter of the crater 


to be about a mile, an estimate with which I 


would agree, although people usually underesti- 
mate such things. Experience has shown that very 
few people overestimate the size of Meteor Crater 
in Arizona, probably because there is no other 
object of known size with which to compare it. 
It is really more than 4000 feet in diameter, yet 
many people seeing it for the first time estimate 


it at less than half that amount. If the estimate of 
one mile is correct for Crater Elegante, and it 
proves to be of meteoritic origin, then it will be 
second in size only to the Chubb Crater in north- 
ern Quebec among the world’s recognized impact 
craters, 

The ratio of depth to diameter of crater is one of 
the best ways to distinguish an impact from a 
volcanic crater. Volcanic pits, whether made by 
explosion or by subsidence, are much deeper in 
comparison with their diameter than impact cra- 
ters. Volcanic explosive craters are usually 
V-shaped, often nearly as deep as they are wide, 
and nearly always located on the top of a moun- 
tain. Subsidence craters, or calderas, are wider in 
proportion to their depth, usually in a ratio of 
about 6:1. Crater Lake in Oregon and E] Caldera 
in the Canary Islands are outstanding examples 
of subsidence craters, being roughly irregular in 
every outline. Crater Lake, for example, is thought 
to have been caused by the slumping in of the top 
of a volcanic peak perhaps 15,000 feet in eleva- 
tion. This caldera is four miles wide by six miles 
long and over 4000 feet in depth, with irregular 
walls both inside and out, and the rim is very un- 
even. The bottom is also uneven, having a second- 
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ary volcanic intrusion called Wizard Isla 
end of its pit. The irregular shape of 
craters and calderas is probably due t 
that as pressure builds up (or gives aw 
case of a caldera) the rock structure ¢; 
along fault planes or at some point whe: 
fault lines together from 
angles, so the resulting crater is more or Jes: P 
irregular in shape. Fault planes are sti 

the word implies—or perhaps jagged—bu 
circular. A perfectly circular vertical faul! 


Hint 


may come 


would 
be something close to a geological impossibility 
The impact crater, on the other hand, is firs, 
made round by the entering projectile (whethe 
that projectile be perfectly round or not), and th 
following explosion throws the broken material 
upward and outward in a symmetrical pattern 
Ballistic experiments have shown that such 
projectile makes a round crater even though it 
strikes at a considerable angle from the 
and that the ejectamenta are thrown out in 


vertical, 


nearly symmetrical pattern. 

The time involved is another important factor 
The volcanic crater may be the result of several 
explosions, or a continued subsidence, or a com- 
bination of both. The meteor crate: 
stantly. When visitor from 
traveling many miles per second, is sudden 
stopped by the earth, its kinetic energy is 
leased instantly as heat and explosive action 
Naturally, the results are quite different. If Crate: or 
Elegante were located in a nonvolcanic area, it 
would be assumed at once to be an impact crate! 
but under the circumstances it will probably tak ty} 
quite strong and positive proof to convince most 


is made in- 


some outer spac 


geologists that its origin is other than volcani 

The profiles of the three craters (Fig. 3) appeai 
to be quite dissimilar, probably because of thi 
difference in the size of the projectiles that mad tal 
them, a difference in velocity, and the kind of rock JJ the 
penetrated. It is likely that the larger the pro- wh 
jectile and the higher its velocity, the wider and ma 
flatter the resulting crater, This is true of thr pla 
the 
sidered to be of impact origin. wh 

The Chubb Crater (as described and pictured bla 
the January 1952 issue of the National Geograp/ dif 


craters on moon, which are generally con- ma 


Magazine) has a symmetrical bowl without abrupt 
walls of any kind. It was formed in hard granite 
rock and has a ratio of width to depth of 8.8:! cal 
Arizona’s Meteor Crater, which is the smallest, Jj or 
has a U-shaped bottom that slopes upward in on' evi 
sweeping curve ending in a cliff at the top of th the 
rim. Its ratio is 7.3:1. 

Crater Elegante, between the other two in siz, J th 
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Fic. 3. Estimated profiles of Crater Elegante, Chubb 
Crater, and Meteor Crater. 





has a ratio of 8.6:1 (if our estimate of width is 
orrect), Which makes it fit the theory. The dif- 
ference in profile of the inside of Elegante and 
the others may be due to the difference in rock 
types. The upper layers of cemented ash, or tuff, 
were blown out at an angle of about 35 degrees 
while the hard lava flows stood up as cliffs (Fig. 
+). Although only the lip of the cliff shows signs of 
surface melting, it may be that the blocks in the 
talus slope below, which have fallen off the face of 
the cliff, will also show this surface melting. The 
whole upper part of the crater bowl seems to be 
made of thin layers of tuff that were already in 
place when the explosion occurred. This softer 
material above the hard lava blew out at an angle, 
whereas Chubb and Meteor craters were both 
blasted out of a uniform material and hence are 
different in profile. 

Another mark of the impact crater is its depth 


below the surrounding land surface. Most vol- 
canic craters are on the top of some mountain, 
or what remains of the mountain, and seldom if 
evel the bottoms of such craters lower than 
the surrounding country. If there is such a volcanic 
crater, | do not know of its existence, for even 


und in the ocean—-such as famous Kraka- 








toa in the East Indies—have craters whose pits are 
still above the ocean floor. It is typical of the 
impact crater, however, to have the bottom of its 
pit well below adjacent areas. This is true of 
all the known meteor impact craters in the world, 
and it is also true of Crater Elegante, I would 
judge its crater pit to be at least 400 feet below 
the surface on the west and south and about 300 
feet below the surface on the north and east. 

The upper rim of Crater Elegante, both inside 
and out, is covered with a uniform layer of lava 
boulders. The largest are hardly more than three 
feet in diameter, and the average would be neare1 
ten inches. There are no piles of boulders, and this 
uniformity of distribution is what gives the out- 
side of the crater its smooth appearance, so dif- 
ferent from the surrounding jumble of lava flows 
and cinder cones. 

Judging by the lack of erosion in the compara- 

tuff rim, the time this cataclysm 
was not long ago. My guess would be that it oc- 
curred not more than three or four thousand years 
ago, although I have seen one storm cause more 
erosion in our California desert mountains than is 
evident in It 
that this desert region at the head of the gulf is 
not subject to the heavy storms and cloudbursts 


tively soft ol 


rim. be, however, 


this crater may 


that are experienced farther north. 
We examined a good many samples of magnetic 





Approximately one mile in diameter and 610 
feet deep, Crater Elegante has been formed in horizontal, 
cliff-making lava flows capped by poorly cemented vol 


f. 


Fic. 


tuff. Pinacate Peak rises in the background 


cank 





material without finding any of the tiny droplets 
of iron that H. H. Nininger has found in the soil 
around Meteor Crater. These little spherules of 
iron, which need a good magnifying glass to bring 
them into view, are thought to be the result of 
partial vaporization and condensation upon im- 
pact. Crater Elegante being larger than Meteor 
Crater, it is logical to suppose that vaporization 
took place there also, although the striking body 
might have been only a stony meteorite that left 
no trace of iron. It is well known that meteorites 
vary greatly in iron content, some being nearly 
pure nickel iron, others partly stone with a sponge- 
like network of iron running through them, and 
still others almost entirely stony with only a trace 


of iron. Lack of meteoritic iron around » crate, 
then, is not sure proof that it was made by 
action. Thorough investigation aroun: 
Crater failed to show any meteoritic ir 
surface, yet a magnetic survey showed 
magnetic anomaly at one point under ' 
indicating the presence of deeply buried In 
view of these facts it would seem tha 
Elegante should be given a thorough investiga. 
tion with modern scientific instruments to deter. 
mine the true nature of its origin. We had onh 
half a day to spend at the crater, so our examina. 
tion was very limited in scope. We can onl 

what we saw and hope that it will resul 
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more careful investigation. 
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F. H. McCUTCHEON 


has taught undergraduate or graduate courses 


in physiology for students majoring in zoology, entomology, ecology, ornithology, 
parasitology, animal husbandry, game management, physical education, home 
economics, biochemistry, and nutrition at North Dakota State College and at 
the University of North Carolina; for majors in liberal arts and in general 
sciences and for students of human medicine at Duke University; and for stu- 
dents of animal medicine at the University of Pennsylvania. Experience witht 
students of such varied biological interests, together with research work in the 
cemparative and developmental physiology of hemoglobin and respiration, has 
drawn his attention to fundamentals of comparative physiology. This paper was 
first prepared to appraise the comparative viewpoint for those interested in 
animal physiology at the University of Pennsylvania, where, since 1947, Dr. 
McCutcheon has been professor of physiology and head of the Department of 
Physiology and Pharmacology in the School of Veterinary Medicine. 


EACHING and research in physiology are 
now required to consider the viewpoint of 
comparative physiology as distinguished 
rom general and special physiology. General 
physiology deals with the functions common to 
all plant and animal species; special (e.g., human) 
physiology deals with the functions in limited 
categories, such as species or genus; whereas com- 


parative physiology deals with functional charac- 


teristics within large taxonomic categories, such 
as a kingdom or class. In special fields, such as 
medicine or agriculture, action must be designed 
with species characteristics in mind. But from an 
instructional point of view, and from a broad diag- 
nostic or husbandry point of view, it must ob- 
viously be sterile to limit attention to those func- 
tional characteristics that distinguish species. There 
are about 66,000 living species in the phylum 
Chordata, of which about 15,000 are in the class 
Mammalia, and possibly 1000 are of immediate 
economic importance. The variations among spe- 
too numerous to concentrate on them in 
instruction, in mobilization of first-order facts for 
the diagnosis of abnormalities or for cultural 
utilization, or in selection of research problems of 
greatest promise for efficient advancement of gen- 
tral biological knowledge. The encyclopedic detail 


cles are 


May 


of functional variation even 


within the subphylum Craniata, must naturally 


among species, 
parallel the known extent of morphological varia- 
tions. However, many experienced physiologists 
have remarked the lack of a discrete “compara- 
tive physiology” to stand for students of anima! 
function as comparative anatomy and compara- 
tive embryology have stood for students of classi- 
cal zoology—this despite the existence of a text- 
book published in 1927 by C. G. Rogers,’ of Ober- 
lin College, entitled Textbook of Comparative 
Physiology. 

The accumulation of facts about animal func- 
tion seems now to have reached a volume and a 
completeness that justify emphasis on integrating 
principles such as those that have illuminated and 
accelerated investigations and understanding in 
anatomy, embryology, histology, cytology, and the 
classification of animals. That such principles can 
be recognized and utilized in the study of animal 
function is evidence of the maturing status of 
comparative physiology. Two textbooks have re- 
cently appeared dealing specifically, if differently, 
with this general approach—Com parative Physi- 
ology, by B. T. Scheer,’ in 1948 and Comparative 
Animal Physiology, by C. L. Prosser® and collabo- 
rators in 1950; and the meeting of the Federation 


IQ7 





of American Societies for Experimental Biology 
in Cleveland, Ohio, during September 1951, in- 
cluded a section on the program of the 
American Physiological Society entitled “Com- 


new 


parative Physiology.” 

All areas of physiology provide examples in 
which the comparative approach has been espe- 
cially fruitful in developing principles of its own, 
in supporting and clarifying broad biological prin- 
ciples, and in contributing to the knowledge of 
function in specific animals. Students of zoology 
are greatly aided and impressed by Darwin’s the- 
ory of evolution. As my own interest in physiology 
developed, it was disappointing to learn how small 
were the specific, recognized contributions of this 
field in support of the theory. Textbooks of forty 
years ago could give broad and detailed evidence 
from comparative morphology through such prin- 
ciples as homology in locomotor appendages, cen- 
tral nervous system, aortic arches, kidney, and 
reproductive organs. Similar broad and detailed 
evidence was available from comparative embry- 
ology in the gross development of embryos, devel- 
opment of specific organs such as those previously 
enumerated, and the development of vestigial or- 
gans. Comparative physiology, on the other hand, 
offered only isolated, basically biochemical evi- 
dence. 

The situation in modern textbooks of zoology 
has not changed. A more recent, widely used text- 
book of general zoology, for example, written by 
T. I. Storer* in 1943, gives essentially the same 
physiological evidence that was cited forty years 
ago. First mentioned are the classical studies of 
hemoglobin crystals published in 1909 by E. T. 
Reichert and A. P. Brown,° of the Department of 
Physiology at the University of Pennsylvania. 
They showed that the crystalline form of hematin 
was species-specific, that the form variations paral- 
leled vertebrate classification based on the body 
structure, and that generic and even class simi- 
larity could be identified—the crystals from all 
birds had certain resemblances but differed from 
crystals obtained from mammals and reptiles. It 
has continued to be disturbing that this should 
be cited as “physiological evidence,” because 
these crystalline differences were in no way cor- 
related with function. The other evidence cited 1s 
of similar biochemical nature, including (a) pre- 
cipitin tests of blood serum, the variations of which 
again are given no functional significance, and 
(b) the lack of species specificity of many diges- 
tive enzymes, such as trypsin. This is all the physio- 
logical evidence given, and it seems to typify the 
limited extent of the appreciation for comparative 
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physiology, in general, among biologists 
limited view of the contributions of con 
physiology is quite unjustified by the a: 
information and the extent of the prin 
are developing in the field. 

Some examples of the growth of com) 
knowledge of function can be taken from 
tion. Consider recent studies of hemoglobin, On, 
elobin 


Study 


method of gaining information about he; 
that is clearly of functional significance is 
its oxygen dissociation curves. Joseph Barcro/t® firs 
attributed significance to the fact that the blood 
pigment of a fetal goat”*® is a type of hemoglobin 
that takes up oxygen more readily than the mater. 
nal type of hemoglobin. On the other hand. th 
maternal type of hemoglobin gives up oxygen mor 
readily than that of the fetus. He suggested tha 
these differences displayed by the dissociation 
curves—which might be looked upon as fune. 
tional profiles of the molecule—were correlated 
with the various ecological and physiological cir- 
cumstances differentiating the aquatic, vegetatiy 
fetus from the atmospheric, animalistic adult. Sub- 
sequent work shows such a relationship to obtain 
in rabbits? and man.’° This developmental-adult 
change in hemoglobin was also proved for cattle, 
chickens,’* and for amphibians and turtles.'*"° In 
all the foregoing examples among the various 
classes of vertebrates, the hemoglobin has func. 
tional characteristics in the developmental stag 
differing from those in the adult, and the fune- 
tional significance of these differences agreed wit! 
that suggested originally for the goat by Barcroft 

Differences similar to those between the specific 
oxygen afhnity of hemoglobins in developing and 
adult animals have also been found between adull 
of different species within various classes. So fa: 
comparisons have been made among: fishes, am- 
phibians, turtles, and a few birds and mammals 
Hall McCutcheon attention to 
the wide range of variability in the specific oxygen 


and have called 
affinity of hemoglobin, to which important func- 
tional significance can be assigned. Of cours 
physiologists realize’® that it is usually possible t 
infer logically consistent ecological adaptations be- 
tween physiological variations and_ limited be- 
havior or environmental circumstances, inferences 
that too often break down in significance when ap- 
plied to large systematic groups. However, th 
extent to which hemoglobin variations among val'- 
correlated with 
limitations of morphology, behavior, and environ- 
f 


inier- 


ous species can be respirator 
ment is reminiscent of significant historical 
ences of correlation between structural variations, 
systematics—correlations — whic’ 


function, and 
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paracterized the useful principles outlined by such 
, observers as Cuvier in anatomy, Von 
gaer in cmmbryology, and Darwin in evolution and 
mvironn nt. Among adult fish, for example, the 
juogish toadfish, living in a poorly ventilated en- 
vironment, has a relatively embryonic type of 
jemoglobin compared with an active mackerel, 
hich lives in, and is confined to, a maximally 
entilated environment. Other marine fishes, such 
asthe scup, sea bass, tautog, and dogfish have activ- 
ty patterns, environments, and specific hemoglobin 
sfinities between these extremes.*’ Fully compar- 


yene rab! 


able correlations have also been found among thir- 
wen species of amphibians.*® 

[he weight of this accumulating evidence for 
jnificant correlation between the characteristics 
{a single molecular genus and the various ceno- 
enetic and phylogenetic variations among animal 
species leads to the obvious conclusion that the 
ame type of biological tendencies (e.g., genetic 
nheritance) which determines structural varia- 
tions in animals also determines functional varia- 
tions, and that the functional variations may be 
integrated into useful generalizations that can be 
recognized as adaptation, recapitulation, and evo- 
lution. Since these generalizations have already 
been established from morphological, developmen- 
tal, and systematic studies, however, it need only 
be emphasized that modern comparative physiol- 
ogy offers discrete evidence for these principles. 

Recently two studics in entirely different areas 
{ physiology were brought together in a com- 
pletely unanticipated manner to give mutual sup- 
port to the importance of a comparative physiol- 
ov. In December 1947, George Wald, of Harvard, 
wrote to me as follows: 

Some time ago—actually 1942—TI was led by a situa- 
tion which had arisen in connection with our studies in 
\ sual chemistry to examine the visual systems in the 
jullfrog, tadpole and adult. The story has now been pub- 
lished in the Harvey Lectures for 1945-6 so that there is 

need to burden you with it now. What we found is 
that the photochemical system which governs  stimula- 
tion in the retinal rods metamorphoses during the meta- 
orphosis of the tadpole. In the tadpole the porphyropsin 
ystem is found, dependent on Vitamin Az; while in the 
newly emerged frog this has been replaced by the rhodop- 


‘in system based on Vitamin A;. The situation is so re- 


markable that I was most interested to find shortly after- 


ward your paper on the comparable metamorphosis of 


iemoglobin in the same species. 

Wald’s'® important work on photopigments in- 
volved comparisons over an extreme range of pho- 
tosensitive plants and animals, from which he has 
een able to show that fresh-water vertebrates in 


seneral utilize the porphyropsin system based upon 


‘etinene and vitamin A., whereas vertebrate evolu- 
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tion either into the sea or onto the land led back 
to the use of a more primitive vitamin A, and the 
rhodopsin between fresh- 
water and marine fishes are euryhaline forms which 
as adults can tolerate both environments—and they 
possess both systems, frequently in mixtures, and 
always predominantly the system appropriate to 
the environment in which the fish spawns. The 
function during the life 


system. Interpolated 


paper on hemoglobin 
history of bullfrogs, which reported metamorphic 
changes, was published in 1936, but had appar- 
ently escaped Wald’s attention, as his work had 
escaped mine up to the time of his quoted let- 
ter. The mutual support offered by these two dis- 
tinct and separate comparative approaches for 
independently recognized evidence of a moleculat 
evolution has been, to say the least, encouraging to 
a further search for the fruits of comparative func- 
tional studies. 

A criticism often made of many physiology 
courses that emphasize vertebrates is that they are 
“frog and turtle” courses. An implied stigma re- 
sults that reflects a growing general knowledge 
and use of mammals as laboratory material. But 
sight should not be lost, in this development, of 
the obvious historical—and instructionally signifi- 
fact that much of the basic knowledge of 
muscle and locomotion or digestion, of heart and 
circulation, respiration, kidney and excretion, ner- 
to mention the 


cant 


vous and endocrine regulation 
easily recognized—grew from studies of exactly 
such primitive vertebrate material. Primitive ma- 
terial will remain valuable in any course dealing 
with vertebrates, regardless of its ultimate special 
interest. It is a growing challenge and worth-while 
effort truly, comparative 
physiology 
only to be properly oriented away from concern 
with minute detail of individual species and _ to- 
with the mecha- 
characteristic of the 


to make such studies 


The viewpoint and objectives need 


ward concern basic functional 


nisms larger categories. 


Rogers’ states the viewpoint or aims of compara- 


tive physiology as follows: 

1. To give an exact and adequate conception of the 
essential nature of the various processes of the organism 

2. ‘To make a comparison of these processes in different 
types of animals to discover whether they really operat 
under the same fundamental laws 
3. To trace, if possible, the course of evolution of these 
processes from the more generalized to the more special- 
ized and complex. 

!. To gain some idea, from the similarity of method 
employed by different groups of animals, of the possible 
relationship existing between them. 

5. To show the correlation and integration of the vari- 


ous parts and processes in the economy of the individual 
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The physiology of vertebrate excretion  illus- 
trates this viewpoint. The progress of the verte- 
brate kidney from pronephros through mesoneph- 
ros to metanephros during embryonic and fetal 
development is classical comparative embryology. 
The structural variations of these organs and their 
distribution among vertebrates comprise classical 
comparative anatomy. Their physiological coun- 
terpart lies in such excellent studies of excretion 
as those by A. N. Richards*® and collaborators, 
which began in 1915 with rabbit kidneys but 
turned back to a series of comprehensive experi- 
mental analyses of the amphibian kidney during 
the next fifteen years, before returning to the mam- 
malian kidney. These studies provide an outstand- 
ing example of the growth and value of the view- 


point of comparative animal function—for when 


support was needed for conclusions about the im- 


portance of tubular secretion in urine production, 
the work of Smith®! and Marshall** at an even 
more primitive level of vertebrate development, 
that of the bony fish, provided the necessary evi- 
dence. Starling’s Human Physiology*® says: 


Histological examination of the kidney tubules shows 
a great diversity of structure in the epithelium with 
which they are lined. Hence, it is quite conceivable that 
some portions of the tubule might absorb while other 
portions were capable of secreting: or the same cells 
might even absorb certain things and secrete others. Yet, 
for one or two decades, physiologists appeared to be so 
satisfied with the evidence in favour of reabsorption as to 
forget that the demonstration that urine formation could 
not be explained wholly on the filtration-secretion hypo- 
thesis by no means put that method out of court as an 
accessory. 

Once an instance had been produced of urine forma- 
tion in which secretion indubitably played a part, the 
door was open to admit secretion as a possible collabora- 
tor with absorption, in the modification of the glomerular 
filtrate. Such an instance was produced when Edwards, 
Marshall, and Homer Smith, recalling the fact that cer- 
tain fish had kidneys from which glomeruli were absent, 
pointed out that urine formation must in those species 
be a purely secretory phenomenon. Their future investiga- 
tions on these aglomerular kidneys of at least twenty- 
five species of fish belonging to five different families 
have, more than anything else, provided the faith that was 
required for acceptance of the possibility of tubular 
secretion. 

Convincing examples of the value of compara- 
though often not intended as such 
could be taken many 
physiological interest, but those already given sug- 
gest certain generalizations about comparative 
physiology: (a) there are functional counterparts 
of all aspects of structural development and varia- 
tion within systematic categories of animals which 
can provide integrating principles for physiology, 
provided a sufficient complement and distribution 


tive studies 


from other segments of 
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of facts are available for comparison, and j) vided 
their correlation is recognized (b) a t com. 
parative physiology can support the hyp othese 
about functions and can accelerate the p 

search for facts about functions in a pa 
morphological and classificat 
relations began with whole animals and p: 
to organs and tissues, whereas physiological cory 
lations and generalizations are more often recog. 
nized first at molecular, biophysical, and biochem;. 
cal levels of organization and progress toward whole 


ICtive 
icular 
species; (Cc) VY cor- 


ressed 


animals. 

Morphological knowledge deals with form. sub. 
stance, and class, whereas physiological knowledo; 
deals with dynamics, rate, and regulation. The con. 
siderations of morphology are first of all spatial, 
those of physiology primarily temporal. For these 
reasons a viewpoint of comparative physiology can 
be recognized to have special advantages in gain. 
ing knowledge of animal function. Thus the ac- 
vantages of the amphibian kidney in its relatively 
simple exchange and low magnitude of action 
guided the previously outlined work of A. N 
Richards** and Homer Smith*® to establish prin- 
ciples of kidney function, and the special limita. 
tions of the aglomerular kidney of certain fishes 
supported the investigations of the mammalia: 
kidney. 

Much attention has recently been given to th 
limitations of instrumentation and the refinement 
of instruments for physiological research. 
parative physiology often has a great advantage in 


Com- 


being able to select the animal to fit the limitations 
of instruments and techniques. The significance of 
limitations arising from the relative magnitude o! 
processes was given clear expression by E. Newton 
Harvey*' in 1928. He pointed out that the relation- 
ship of the concentration of oxygen at the surfac 
of the cell, and its respiratory exchange rate as 
compared with the volume-surface area relation 
ship (C = Ar*/6D), limited the size of cells; for th 
diffusion gradient of oxygen necessary to maintail 
a constant, reasonable metabolic level is propor- 
tional to the square of the radius. In simple terms 
the volume increases as a cubic dimension, wherea‘ 
surface increases as a square dimension, so that sur- 
face area is the limiting factor in all exchanges be- 
tween the protoplasm within the cell and the exter- 
nal environment. This fundamental relationship 
also pertains in a very significant way to compara- 
tive physiology, important functional 
changes are basically related to surface areas, suc! 


because 
as the respiratory area of the lung, the glomerula 
or tubular area of the kidney, the absorptive area 0! 


the intestine, or the exchange area of the capillary 
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pillary 


THLY 


nd lwmphatic beds. Little specific work has been 
h relationships within any class of ani- 


done On » ‘ : 
Mammalia. But problems exist that 


mals, ev! 


im} 


ht profitably be approached from this view- 


point. 
“Tt can be recognized that certain significant re- 
tionships of the total capillary surface to proto- 
he gluteus maximus muscles, could set limits to 
heir growth or hypertrophy.** August Krogh,*® 
, making basic contributions to knowledge of 
apillary physiology, measured the relative density 
nd surface areas of capillaries in muscles of frog, 
horse, and dog. He found these to be, respectively: 
iensity, 400/mm*, 1400/mm?*, and 2600/mm‘’; 
wrface, 190 cm?/cm*, 240 cm?*/cm*, and 590 
m/cm®. These data suggest that, as the structure 
creases in size, the capillary surface area may 
sot maintain a proportionate increase. Thus, when 
nammals of such divergent size as a rat and a horse 
we compared, differences appear in the level of 
wtivity of muscles, the rate of diffusion and dis- 
ribution of solutes through tissue, the relative vol- 
ames of body fluid compartments, and the like; all 

{which can be expected to have characteristics 
peculiarly related to this limitation of surface area 
i volume and metabolic rate. Furthermore, in a 
arge animal, such as the horse, with a remarkable 
ievelopment of specific muscles of locomotion, this 
imitation may be extended to the point where 
definite failure of the circulation may occur under 
onditions of extreme hypertrophy and _ activity; 
ailure and breakdown of the muscle tissues them- 
wlves may result. In fact, there is a specific dis- 
wder involving the large muscles of the hind limbs 
i horses that might be accounted for in this way. 
Ihe disorder is called azoturia; the primary sign 
‘a breakdown of the muscle tissue with the ap- 
yarance of myoglobin in the blood plasma, and 
tseems to have no external causative agent. 

An experience in our laboratory with the effect 
‘ varying blood calcium levels in cattle provides 
another example of rate-volume disparity. An in- 
ection of oxalate was being given to a cow in order 
0 lower gradually the calcium concentration and 
calcium levels and study the effects on electrocar- 
“iogram, reflex responses, and calcium levels in 
wine. The total dose of oxalate had been calcu- 
ated to be quite safe on the basis of some experi- 
mental work with cattle and a considerable amount 
0! experimental work with smaller animals. How- 
‘Ver, the animal developed signs of calcium 
ck so precipitously that attempts to correct them 
‘ere too late, and death intervened. The likely 


vason was that the rate of administration was too 
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rapid in relation to the rate of distribution through- 
out the body fluids, so that unduly low calcium 
levels were momentarily developed in the blood, 
and subsequent experiments so indicated. Since the 
rate of injection had a considerable margin of 
safety, based on knowledge of work with smalle: 
animals, the explanation follows that the over-all 
rate of distribution of such substances in animals 
differs considerably. Investigation of the relative 
volumes of the various body fluid compartments 
and the rate of distribution of solutes in mammals 
the size of horses and cattle might provide inter- 
esting and useful information when compared with 
smaller animals, such as dog and man, for which 
much information is already available. Monica 
Reynolds“ is studying this problem with modern 
techniques. 

Recent research experience in the fields of cir- 
culation and respiration further exemplifies ad- 
vantages of the comparative viewpoint. David 
Detweiler*! has been studying the normal and 
pathological electrocardiogram in horses. His at- 
tention has been drawn to the complexity of the 
P wave, as compared with that of man and smaller 
animals. It has a distinct notch in some of the usual 
leads, suggestive of two distinct components. The 
critical analysis of this characteristic indicates that 
it is, in fact, a reflection of the unusually large 
difference in time between the contraction of the 
right and the left auricle in this large heart. As 
for respiration, studies of breathing patterns*’ of 
a series of mammals ranging in size from mice to 
horses marked the 
Rhythmically recurring complex cycles occur with 


show differences in cycles 
an increasing frequency in animals as the specific 
the Furthermore, the 
resting breathing cycle of horses is polyphasic. 
Work so far completed in analyzing these cycles 


size of animal decreases. 


has provided evidence that they are related to the 
ereat contrast in conditions between (a) venula- 
tion of the lung, which varies markedly with spe- 
cific sizes of the animal (rat tidal volume 1.5 ml: 
frequency 60/min; horse tidal volume 6000 ml: 
frequency 10/min), and (b) diffusion at the level 
of the alveoli, alveolar size being relatively uniform 
compared to the range of animal size. 

For those who may be primarily interested in 
learning about a single species, comparative studies 
on breathing also demonstrate the advantages of 
from studies of different 


bringing in evidence 


species within that category, as was previously 
pointed out from kidney studies. Comparison at 
the extremes of exchange patterns in breathing 
shows exaggerated differences, which first called 
our attention to a new element, called a comple- 
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mentary cycle, in the breathing pattern of rats. 
Such cycles were then identified in a variety of 
mammals. The variations of breathing found in 
these comparative studies support a hypothesis 
that there is intrinsic regulation of the diffusion 
factors, including pressure, at the alveolar level. 
Whatever eventual proof may show for the sig- 
nificance of complementary cycles in such a specific 
mammal as, say, the dog, the fact is that this in- 
trinsic property of a dog’s breathing pattern has 
been overlooked up to the time that comparative 
studies brought it into consideration. 

The various examples that have been cited to 
illustrate comparative physiology have been drawn 
from the vertebrates. Invertebrate physiology has 
also gained from, and contributed to, comparative 
physiology in many ways. Study of the giant axon 
of the squid has furthered knowledge of nerve 
physiology in all vertebrates; study of locomotion 
and taxic behavior in amebae has furthered knowl- 
edge of leucocyte physiology in all vertebrates; 
study of the heart of Limulus, the king crab, ad- 
vanced knowledge of the vertebrate heart. Such ex- 
amples could be repeated not only from every field 
of physiological interest in vertebrates but also 
from the personal experiences of many of the pro- 
ductive investigators in vertebrate physiology, as 
a reference to Prosser’s Comparative Physiology 
will quickly show. 

If comparative physiology has now become a 
recognized discipline, coequal with special physiol- 
ogy and general physiology, then those who con- 
cern themselves with the broad advancement of 
knowledge and learning in biological sciences 
should recognize its viewpoint and progress. Com- 
parative physiology should be given proper place 
in the programs for students of general zoology, 
medicine, animal husbandry, entomology, ichthy- 
ology, ornithology, and all other special considera- 
tions of animals that attract the attention of biolo- 
gists. More specific recognition, encouragement, 
and opportunities should be accorded students and 
investigators in this field by providing for distinct 


publication facilities and for separate discussion 
platforms at biological meetings. Thus, whatever 
virtues attend the recognition in fact of a par- 
ticular intellectual approach and special area of 
activity in any scientific field will work to bring to 
biological sciences the proper rewards of rapidly 
expanding knowledge in comparative physiology. 


Comparative physiology should no | 
budding appendage on comparative anat 
eral physiology, special physiology, anim 
economic zoology, and the numerous « t] 
to which its substance is now attached \clieved 
of this generative bud, the parent subjects cay 


concentrate more efficiently on the particular areas 
of knowledge characterized by their titles. Com. 
parative physiology can then develop and flouris) 
within its own resources. 
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SCIENCE ON THE MARCH 


WHO GETS THE GRASS-—-MAN OR BEAST? 


APIDLY increasing world population is in- 
tensifying the struggle not only between 
eroups of men for areas of food production 
ind resources, but also between man and other 
nimals for the available food supply. In the case 
‘the latter struggle, man, of course, dominates, 
and will continue to reserve more and more foods 
‘or his own use, especially the cereals and grains. 
logically, it would seem that the foods allotted to 
ther animals will be those less acceptable to man, 
«ch as coarser grains, roughage, and pasturage. 
Such a program would act incidentally as a selec- 
ive factor favoring the existence of those animals 
best adapted to such feeds—possibly the rumi- 
nants. Seemingly, then, most animals will have to 
pend largely upon feed from grasses (including 
legumes 
At first this allocation of grasses to other land 
animals as their main source of feed might seem 
ale from the inroads of man. Recently, however, 
it has become increasingly evident that there will 
even be considerable competition between man 
and animals for at least a portion of the forage 
plants. Already in the United States, wheat, bar- 
ley, rye, Oats, and sudan grass, as well as alfalfa, 
are being cut and dried in the early stages of 
gowth and packaged for both human and animal 
onsumption. In fact, the 1950-51 U. S. Depart- 
ment of Agriculture Yearbook, Crops in Peace and 
War, p. 105) that the product is “a good 
vitamin supplement” for human use. Similar han- 


states 


dling of other forages is now in the experimental 
tate in this country—though various young green 
legumes and cereal grasses have been used for food 
in regions of the Near East for some time. 

The key to the optimum use of grasses as human 
ood apparently lies in harvesting and dehydrating 
them while they are still in the unjointed stage of 
szrowth. At this time grass vitamin factors, as well 
a protein content, are at their peak (Fig. 1). 
Moreover, once the first jointing stage is past, both 
vitamin and protein decline sharply with increas- 
ing maturity. Also, fiber content increases after the 
first jointing, whereas before the first joint is 
formed, the plant is tender, green, and succulent. 
Thus, one company processing grasses for human 
consumption has a policy of harvesting on or about 
the eichteenth day after the plants appear above 
the ground. 
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Actually, the very peak of healthful, life-giving 
nutrients exists for only a few hours near the time 
of the first jointing. This necessitates rapid har- 
vesting and dehydration. How critical are both this 
period and the methods then employed, can be 
partially indicated, perhaps, by the grant of a 
U. S. patent (No. 1942943) applying to the de- 
hydration of grasses prior to jointing. 

Production in the United States thus far has 
been limited mainly to Kansas and Missouri in the 
Middle West, and to Louisiana and Texas in the 
South. This is partly due to production problems, 
such as the limitation to certain soils, availability 
of water at the right time and in proper amounts, 
the proper blending of the harvested grasses, and 
the cutting and handling of grasses at such an early 
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Fic. 1. The pattern for the rise and fall of other vitamin 
in these grasses is much the that for 
A, as well as is the curve for protein content 
other 


content same as 
vitamin 
Similar curves of nutritive content exist for many 
grasses, though not all rise to such sharp peaks, nor 
decline quite so rapidly. (Data from Cerophyl Labora- 
tories, Inc., Kansas City, Mo.) Perhaps man has erred 
for centuries in maturing grain for human use when con- 
sumption of the cereal grasses prior to jointing might well 
have provided a greater total supply of high-quality 
human food. 











stage of growth. These have necessitated perfection 
of special equipment, and the development of 
laboratory tests in order to attain the uniform 
product so desirable for large-scale marketing. Ex- 
tremely rapid flash drying, with exposures of up 
to 1800° F. for no longer than 2 minutes, has 
made possible minimal nutritional losses. Never- 
theless, in some instances, synthetic B complex vita- 
mins and vitamin D are added prior to prepara- 
tion in powdered or tablet form for vacuum sealing 
in darkened containers. 

Thus far, sale for human consumption has been 
largely through health food stores, but it seems 
likely that the trend may follow that of wheat 
germ, and the product may soon be available in 
the larger groceries as well. 

The total eventual consumption of unjointed 
grasses in this country is quite unpredictable. It 
may well rise to a considerable amount, however, 
especially since dehydrated grasses eaten 15-30 
minutes before a meal have a tendency to reduce 
the appetite. Such a characteristic, combined with 


low calorie content and abundant vitan 
do much to popularize their use, especi: 
sons on weight-reducing diets. 
Formerly, it was commonly contend 
man’s needs encroached more and mor 
usual food supplies, domestic animals 
shifted to by-product feedstuffs, as well 
coarser grains, roughages, and _pasturage, but 


ould by 
‘S to the 


recent examination of the present-day utilizatio, 
of by-product feedstuffs reveals that many of thes 
too, are being diverted into industry on a Jaro, 
scale. Still others, such as brewer’s yeast, dried 
skim milk, rice polish, and blackstrap molasses, ay, 
increasingly being included in man’s diet. Thus {y; 
the encroachment on by-product feedstuffs by man 
for his own immediate use is considerably greate 
than upon the nonleguminous and 
grasses. ‘Today, even the security of these grasses 
for future domestic animal production is being 


noncerea} 


opened to serious question. 
CHARLES WILForD JonNsoy 
Mountain View, California 
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THE ROLE OF SOCIAL RESEARCH IN WORLD AFFAIRS* 


HE findings presented here, from a recent 

survey of the actual and the possible appli- 

cations of social research by governmental 
and nongovernmental agencies concerned with the 
improvement of international relations, individu- 
ally provide no great surprises, but their total sig- 
nificance cannot fail to be of concern. In the first 
place, the investment of funds in such research 
has never been high. Between 1938 and 1948 the 
total estimated budget for all types of social re- 
search in the United States increased from 34 mil- 
lion to 88 million dollars. This seems but a pit- 
tance when compared with the budgets for research 
in the natural sciences, which grew from 234 mil- 
lion to more than 1,250 million dollars during the 
same decade. 

Analysis of the items covered by social research 
budgets indicates the limited impact on problems 
of international relations that is possible under an 
allocation of funds of even 88 million dollars. Ot 
the total amount budgeted for 1948, 27 million 
dollars was spent by business interests in the appli- 
cation of social science methods to business opera- 

* Based on a paper presented before Section I of the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCI- 
ENCE at the Annual Meeting in Philadelphia, December 
28, 1951. 
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tions (economic research, market surveys, applica- 
tions of psychological methods to personnel selec- 
tion, analysis and improvement of worker morale, 
and other problems of management). Fifty-two 
million dollars was spent by the federal govern- 
ment for population data, employment and labo: 
statistics, production and price data, and the like 
Several additional millions spent by the 
armed forces on projects directly related to the 
selection and utilization of military personnel, con- 
bat efficiency, and related problems of leadership 

Of the 5 or 6 million dollars spent for all othe: 
forms of social research, only a small fraction 
could be credited with any direct contribution to 
the improvement of international relations. Almost 
2'4 millions of this amount was granted by th 
Rockefeller Foundation, of which only one sev- 
enth was for research in international relations 
Most of the one seventh was granted for two long- 
time area studies. The inventory in public admi- 
istration for the same year lists 716 projects, 6 
which only three classify under “foreign relations’ 
and six under “international organization and ac 
ministration.” The conclusion is obvious that ver 
little money was invested during the decade prio 
to the rise of the present international emergenc 
in types of social research that could be expected 


were 
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contribute to the improvement of world affairs. 

The second conclusion is no more reassuring. 

ot only was the investment prior to the last two 

«three years very small, but the present interna- 

‘nal crisis has not given the same type of impetus 

social research that it has given to physics, chem- 

yy, and the biological sciences. In fact, it has 

»nded to pull certain social scientists away from 
heir previous research interests and to involve 
vem in other activities. In times of national emer- 
ency the natural scientist intensifies his research 
tivities, but the social scientist often abandons 
js research because he is needed in an administra- 
ve position, or there is a reduction in funds for 
esearch, or because of some other form of dis- 
rouragement. 

In the third place, the record indicates that the 
search of social scientists who were interested in 
international relations has been concentrated pre- 
dominantly on a narrow range of problems. As 
aserted in a recent publication of the Social Sci- 
ence Research Council: 

[raditionally, research in international relations has 
en mainly the province of historians, students of in- 
rnational law and procedure, and diplomats. 

But as yet sociologists, social psychologists, and social 
anthropologists—the social scientists most directly con- 
ened with problems of behavior—have little 
research on international behavior. . . . It is regrettable 
that the least effort of those engaged in studying the 
predictability and direction of human behavior probably 
has been expended in the field of international relations.* 
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There are many facts to substantiate this con- 
dusion. There is also evidence, however, that the 
local point of emphasis is gradually shifting and 
will continue to shift in the future. This shift is 
suided by a growing appreciation for the potential 
contributions of social research to an understand- 
ing of what might be called the “group dynamics” 
oi world affairs. Limited application during past 
years has begun to inspire confidence in the pos- 
ible value of wider application in the future. 


The Value of Social Research in World Affairs 


The actual and potential values of research 
itilization are becoming recognized in at least 
three broad areas of application: 

a) The planning of certain governmental and non- 
sovernmental that involve cooperation with 
other nations. 

b) Official and unofficial efforts to improve interna- 
tonal understanding and good will through impact on 
visitors who come to the United States from foreign lands. 

’ Dor 


Tensioy 


programs 


ld Young. In the foreword to Otto Klineberg’s 
Affecting International Understanding. Social 
Science Research Council, New York. 1950. 
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c) Efforts to understand the causes of international 
conflict, emotional tension, and related phenomena. 

Two illustrations will suffice to explain what is 
meant by contributions of social research method- 
ology and findings to the planning of governmen- 
tal and nongovernmental programs that involve 
cooperation with other nations. 

We have the example of a great industrial firm, 
the Arabian American Oil Company, contracting 
with a group of social scientists to give the company 
expert technical guidance in its efforts to main- 
tain and improve the quality of relationships with 
native employees and with the Arabian people as 
a whole. This program has been under way for 
some time but is now being intensified in order to 
prevent the type of conflicts that have arisen in 
other countries in the Middle East. During 1951 
there was an initial survey of social, economic, an- 
thropological, and psychological factors. ‘This sur- 
vey was made under the direction of Roy Leb- 
kicher, of Arabian American Oil Company, and 
Douglas H. Fryer, of the consulting firm of Rich- 
ardson, Bellows, Henry and Company. 

The preliminary survey led to the setting up of 
an extensive plan by which psychological under- 
standings and methods will be applied to the task 
of strengthening cooperative relations between the 
company, native employees, and the Arabian com- 
munity. Participation of native Arabians in the 
administration and technical management of the 
company will be increased. Training programs 
have been in operation, but these are being re- 
appraised and modified for the most effective edu- 
cation of leadership groups at various levels of 
management. A plan for continuous evaluation of 
the training programs is being instituted. Patterns 
of job classification and the requirements for prog- 
ress from one job to a higher level are being estab- 
lished on an objective and psychologically valid 
basis in order to relieve native workers of their 
persistent fears that they are victims of discrimina- 
tion in promotions. Problems of worker morale are 
being studied as the basis for programs of super- 
visory training and the improvement of worker- 
supervisor relationships. Special training problems, 
such as that of communication through the spoken 
and written word, are being approached scientifi- 
cally. Through it all, there is the basic concern for 


the quality of personal-social relationships that 


exist wherever the two cultures, the American and 
the Arabian, meet. 

These steps are being attempted in the setting 
of a culture that is devoid of many of the tools and 
objective social data that are taken for granted in 
America. For example, there are no Arabian psy- 
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chological tests for the selection of individuals of 
high potential ability. Both general aptitude tests 
and measures of special abilities are being produced 
as a first necessity in the planning of personnel 
procedures, 

The results of this application of social research 
techniques and findings by one company which 
thinks it is a good business investment may have 
broad implications for the United States in our 
efforts to assist other so-called underdeveloped 
areas. 

It must never be forgotten that since the signing 
of the United Nations Charter on June 26, 1945, 
political independence has been given to nearly 
600 million people, or nearly four fifths of the 
non-self-governing peoples of the world. Many of 
the problems of the world are new ones not subject 
to conventional solution, because of the political, 
economic, and psychological climate that has re- 
sulted from new-found freedom. 

A second type of application of research method- 
ology is illustrated by a proposal that originated in 
the thinking of Carl Remer and his colleagues in 
the Center for Japanese Studies of the University 
of Michigan—a proposal that has never received 
the financial support needed for full accomplish- 
ment. This proposal was for a cooperative study 
by American and Japanese social scientists of the 
economic and social development of Japan from 
the end of its international isolation until 1945. 
Japan represents the outstanding example of an 
underdeveloped country that used Western techni- 
cal assistance in an effort to take its position among 
progressive nations. The results were in some re- 
spects good and in certain other respects almost 
disastrous to the world. Careful analytical study 
of the Japanese experience—their methods, suc- 
cesses, and failures—should give guidance to those 
responsible for planning economic and _ technical 
assistance for other underdeveloped areas. In view 
of the huge investments of American funds—both 
public and private—that are now being made, it 
becomes important for purely economic reasons to 
profit from careful study of past experiences. 

Another example of research utilization  illus- 
trates possible contributions to both official and 
unofficial efforts to improve international under- 
standing and good will through impact on visitors 
who come to the United States from foreign lands. 

There are many programs involving interna- 
tional exchange of peoples. Students, representa- 
tives of the professions, businessmen, industrialists, 
and many others are coming to the United States 
for stays ranging from a few weeks to several years. 
The purpose of exchange programs is to modify 
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the attitudes, the understandings, and t! ehavia 
of those who come to visit us, to the end that thp 
may be more effective leaders in their own Jangg 
and thus contribute more effectively to world-wig 
understanding. All too often these programs ,, 
merely an act of faith. There is a minin 

jective data to indicate how much is contributed; 
the improvement of international relations. 


to define the conditions under which interchay 


is advantageous or detrimental to individuals oy + 
society. 

The possibilities here are illustrated by certai 
recommendations recently prepared by the Ins} 
tute for Research in Human Relations for use by 
the Office of Educational Exchange of the Depart 
ment of State in planning a comprehensive evalua 
tion of their program. It is proposed that a begin 
ning be made with an analytical study of the tyy 
of people who come to America under State De- 
partment auspices and the type of experiences they 
have while in America. With this as a background. 
it is recommended that the best available tech- 
niques be used to discover what changes take pla 
in understanding, and misunderstanding, of Ameri- 
can institutions, concepts of American character 
and values, concepts of democracy, concepts o! 
United States foreign policy, and the visitor's idea 
of his own role as an exchangee. Some information 
can be obtained from data gathered at the time 
the exchangee comes to America and by comparing 
it with other data obtained at time of departun 
But this is not enough. 

It is further proposed that there be a follow-w 
of groups of exchangees after their return hon 
to find out what positions they hold; how they 
the skills they came to the United States to a 
quire; how much influence they have in the socio- 
economic, political, or professional life of th 
native countries; and clues as to possible modifica- 
tions of their experience in the United States which 
would have made a difference in the quality 
leadership rendered after returning home. 

As a further post-audit it is suggested that 
exchangee program be validated within the fra 
of reference of American foreign policy | 
years 1940--50. Such questions as the following a! 


ti 


or U 


pertinent: 


a) Were the selection of candidates, orientation, Pp 
gramming, and relations with exchangees after return s 
designed for each year as to implement that year's foreig! 
policy programs of the United States? 

b) With the benefit of hindsight, did the e 


program operate in areas and with people whi 
showed to be of prime strategic significance for the U 
States? (If, for instance, it is possible to see 1 
the left-of-center trade unions of a country have 


THE SCIENTIFIC MONTHL) 





rd-widg 


rams ‘ 


by 

the Insti 
for use h 
le Depart. 
ve evalua 
ta begin 
f the type 
State D, 

neces they 
-kground. 
ble tech. 
ake place 
of Ameri- 
character 
icepts of 
tor’s idea 
ormation 

the time 

mparing 

‘parture, 


low-up 
n hon 

they use 
Ss to a 

le SOC I0- 
of thei: 
odifica- 
‘Ss which 


ality of 


hat thi 
» fran 
for th 


cal political group of that country, did we 
evelopment and prepare for it by bringing to 
tates key figures of those groups? 


he most CI 
resee that 
» United 
What is proposed as an evaluation of the ex- 
persons program of the Department of 
te would have significance for a great variety 
‘other programs. 
The thi 
th the causes of international conflict, emotional 
nsion, and related phenomena, offers varied pos- 
bilities. They include American and British stud- 


rd broad area of research, concerned 


.of the psychological effects of news releases re- 
ding aiomic and other unconventional weapons 
» the capacity of citizens to do sound thinking on 
nternational affairs. They include studies of demo- 
ratic methods of leadership, ways of introducing 
hich methods in countries not previously organized 
in the democratic pattern, and ways of inspiring 
‘llowers with a deep sense of loyalty to democratic 
deals and social organization. They include stud- 
es of that often-stated fear that American freedom 
vill be lost during a prolonged state of war, and 
{ the safeguards that could be established to avoid 
anv such trend. 

[hey include also a series of studies of domestic 
ocial tensions sponsored by the government of 
ndia in cooperation with Unesco and involving 
the social science departments of all Indian uni- 
versities. ‘They are investigating: 

The attitude prevailing in three groups in the 
Bombay area and in Lucknow (Hindu residents, Hindu 
refugees, and Moslems) and the attitude of each of these 
szroups toward the government’s handling of the Moslem 
nd refugee problems. 

b) The attitude of the Hindu natives of Bihar toward 
refugees from East Bengal and toward Adibasi aborigines. 

The personal reactions of Moslems and Hindus to 

communal difficulties they have personally experi- 
nced in the last year or two (a study under joint Hindu 
nd Moslem auspices ) 

i) The sources of distress and hostility among textile 
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Coordinated Effort Necessary 

The few illustrations that can be given in a 
short article can only serve to clarify what is meant 
by social research related to the “group dynamics” 
| world affairs. There is much evidence that the 
possible significance of such research is becoming 
‘ecognized in many phases of leadership. 

The other conclusions from the survey of actual 


and potential utilization of social research have to 
| . 
U 


0 with the requirements for effectiveness of re- 
‘earch. These conclusions are based in part on the 


opinions of social scientists, and in part on the 
opinions of the potential users of needed social re- 
search. They are also based in part on the experi- 
ence of the natural sciences in their approach to 
the solution of problems. One of these conclusions 
is presented here. 

If we assume on the one hand that social re- 
search has a vital contribution to make to the cure 
of the world’s ills, and on the other hand that a 
period of years will be granted in which the results 
of intensive effort could become manifest, then a 
rallying of forces not unlike that of the natural sci- 
ences in the development of the atomic bomb 
might be in order. More money would have to be 
invested in social research than ever before. Social 
scientists would have to turn their backs on attrac- 
tive offers that would take them away from the re- 
search applications of their science. This would be 
necessary in order to achieve coordination of effort 
and resources on both an interinstitutional and an 
interdisciplinary basis, and in order to concentrate 
effort on projects of major size and significance. 

Social research has often suffered from a piece- 
meal approach to questions that can only be solved 
by comprehensive projects. A fragmentary ap- 
proach is the natural result when research person- 
nel and facilities are limited in quantity and widely 
scattered among different agencies and institutions, 
or when there is no one group of researchers who 
have responsibility for carrying research to the 
point where definite solutions must be provided 
for real problems. The result has often been to 
emphasize trivia rather than fundamental prob- 
lems, to be superficial in approach, to be wasteful 
of time and resources, and to be inconclusive in 
findings. 

Coordinated investment of time, equipment, en- 
thusiasm, and professional skill in comprehensive 
projects could not fail to lead to very wholesome 
outcomes. It would increase the probability that 
attention would be given to difficult problems as 
well as to those that are less complicated. It would 
encourage careful refinement of research method- 
ology and techniques, and thoroughness in the ex- 
ploration of alternative hypotheses. It would con- 
serve money and facilities. It would conserve the 
time of researchers. It is a necessary step if social 
research is to play an increasingly vital role in 
world affairs. 

KENNETH L. HEATON 
Richardson, Bellows, Henry © Co. 
Philadelphia, Pennsylvania 
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BOOK REVIEWS 


MORE SOCIAL RESEARCH, NEEDED 

The Policy Daniel Lerner and Harold D. 
Lasswell, Eds. xiv+344 pp. $7.50. Stanford Uni- 
versity Press, Stanford, Calif. 1951. 


Secu nces. 


HE study of the role and formulation of both 

private and public policy is one of the most critical, 
though neglected, areas of research. Despite the ever- 
increasing complexity of the decision-making process in 
human affairs, the respective scientific disciplines to date 
have failed to merge their knowledge and methodologies 
to give an adequate picture of the development of social 
policy. The Policy Sciences, to which seventeen leading 
social scientists have contributed, is a pioneering effort 
to correct this situation. It is the first full-length volume 
of the Hoover Institute Studies, “a project studying the 
change in society since 1890.” 

Organized into three major sections, the book devotes 
the first six articles to the “Scope and Focus” of policy. 
The objective of this group of essays is to show the 
implications of social research for policy formation at 
all levels of the social order, including the individual, 
the group, the culture, the nation, and finally the world 
soc iety. The second part of the book, consisting of 
five chapters, is primarily concerned with “Resear« h 
Procedures” of the social sciences which may be utilized 
to analyze and clarify issues of policy and arrive at 
wise decisions. The last five essays, under the heading 
“Policy Integration,” show a few of the ways in which 


policy analysis can be applied and the role of both the 
natural and the social scientists in this process. 
Although not all the essays are as well integrated as 
might be desired, the book is dominated by the theme 
that social issues must be dealt with more scientifically 
and methodologically. It makes clear that unless this is 


done the essential ingredient of policy—namely, pre- 
dictability—will not be achieved. A premium is put 
upon clarify 


trends and expectations for the future. The book also 


those methods of measurement which 
has a strong bias in favor of promoting social research 
that can be usefully applied in solving the problems 
of mankind. 

With these laudable objectives and approach one can 
have no quarrel, Some major reservations, however, 
must be raised by this reviewer. First, although it is 
true that the book includes contributors from most of 
the social sciences, the evaluation is heavily weighted 
in favor of those disciplines dealing with social behavior 

psychology, social relations, and kindred fields. In- 
sights into the policy-making process derived particu- 
larly from economics, political science, and public 
administration have not been adequately represented. 
Second, a fetish throughout the volume for quantitative 
methods leads to insufficient recognition of other tools 
of social inquiry. Finally, no clear distinction is made 
between policy-making as a governmental vis-a-vis a 
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nongovernmental function. Granted, many 
ments of policy-making are the same in by 
and public spheres, nevertheless it is precisely 
ences that are so important for considerat 
criticisms notwithstanding, there is no doubt 
work goes far toward establishing policy-ma\ 
master science, a discipline that cuts across 
of subject-matter fields and becomes thereby 
instrument for social analysis. 

ERNEsT A. |] 
De partment of Political Science 
Unwwersity of California, Los Angeles 


ELBER 


GRASSLAND CONSERVATION 


Range Management: Principles and Practices. Arthw 
W. Sampson. xiv +570 pp. Illus. $7.50. Wiley, New 


York; Chapman & Hall, London. 1952. 


RTHUR W, SAMPSON was trained in plant ecolog 


F. E. Clements, then spent five years (190° 


the U. S. Forest Service, ten years (1912-22 


Great Basin Research Station, and since has taught 


range management in the Forestry Department at ti 
University of California at Berkeley. His first book, | 
Range and Pasture Management, was published 

1923. The publisher’s blurb on the dust jacket of th 
present volume calls him “the father of range manag 


ment,” and the book is a completely new work, not a 


revision. The twenty-four chapters are grouped int 


four parts: Range Management Perspective, Nativ 


Range Forage Plants, Improvement and Management 


of Range and Stock, and Protection of Land Resour 
and Range Livestock. So far as principles are treat 


separately from practices, they appear mostly in Part 


One, and in this group Chapter 6 is devoted to His 
Development of Grazing in America. 1! 
author’s preface emphasizes his intention “to balan 
Referring to the chapter bibliogra 


torical 


considerations.” 
phies, Sampson says 
selected current Federal and state publications are 1 
ommended to broaden the student’s knowledge as 
The selection is not quite that limited. I) 


i 
th 


general the execution of the book measures up to th 


Ww hole.” 


statement of intentions sufficiently to assure it a positio! 
among the leaders in its field. 


The objectives of the work include both principle 


and practices, two quite different things. In the fi 


the range manager is interested primarily in description 


of accepted practices, and he does not necessarily #! 
quire into the questions of why and whether they a! 
sound. In the discussion of principles, these latter ques 
tions are the major concern. Standard textbooks te! 


ms 


to oversimplification, to statements of conclu 
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VOSITIO! 


nles 
incip! 
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iptions 
rily in 


I ques 


§ tend 


ons as 


PHL) 


and to studied avoidance of controversial 

s. As a result, readers mav 

uit basic issues. Professor Sampson is com- 
the Clementsian-USDA school of ecology, 
s explicitly (p. 363, note) that Clements is 
y called the ‘father of American plant ecol- 
’ The history of American ecology has not 
ritten, but when it is done the honors will be 
jistributed generously among a considerable number of 
Che day of reckoning and re-examination of 

at the hands of the younger generation is 


settled | 
nvolve remain unin- 
formed 
mitted 
and de 
deserv' 
gy 


vet beer 


founder 
princip! 
ong overdue and may be nearer than some think, as is 

idenced by F. E. Egler in “A Commentary on Ameri- 
an Plant Ecology (Ecology, 32, 673 [1951 
[hese differences have a direct bearing upon ecological 
principles and their application, and the re-examination 
f concepts and principles should be extended to ani- 
mal ecology and to soils. 

The inclusion of a chapter on the history of grazing 
n America is in itself significant, in spite of the defi- 
iencies in subject matter, map, and bibliography. ‘The 
reviewer's hope is that such interest will be extended, 
because the time perspective has an important bearing 
on the objectives of such a book. 

Even though the weight of pedagogical reasoning may 
be against introducing the student to the full extent of 
the differences among specialists, it does seem that col- 
lege students are old enough to know some of these facts 
of life. As a minimum, could not a substantial selection 
of problem-projects be set up, with sharply focused 
questions aimed at re-examination of fundamental con- 
cepts and principles, together with adequate bibliogra- 
plies citing all shades of opinion? Such collateral read- 
might effectively accomplish Sampson’s objective, 
‘to broaden the student’s knowledge as a whole.” 

James C. Matin 


ing 


Department of History 
The University of Kansas 
AMERICAN VIRTUOSO 


Thomas Jefferson: Scientist. Edwin T. Martin. 
pp. Hlus. $4.00. Schuman, New York. 1952. 


x + 289 


OST of us have known from our school days, 
and from subsequent reading in political his- 
tory, that the third President of the United States was 
interested in gadgets. The truth of the matter, that 
Jefferson was a fine scientist, is ably demonstrated in 
Dr. Martin’s book. He has studied Jeffersoniana for 
many years and reports here on his well-documented 
findings. Insofar as is possible, politics are omitted 
and emphasis is placed on the valuable contributions to 
scleNnCE 
The outstanding thing in the book is its revelation 
of Jefferson’s foresight concerning aeronautics, sub- 
torpedoes, mass production, and many other 
For instance, he was interested in a way to 
a quite recent modern 


marines 
Matter 
turn water into fresh water 
deve] ment, 

He essed the importance of utility in scilence—his 


May 


own and others’—so that he worked to improve agri- 
culture, botany, medicine, chemistry, inventions of every 
conceivable kind, meteorology, and paleontology (but 
not geology—it was unimportant to him how old the 
earth might be 

As he traveled, he made notes and drawings of every- 
thing he saw, even making special trips to witness some- 
thing new. He believed in the international dissemina- 
tion of scientific findings, visited distinguished scientists 
abroad and received numbers of them as his guests at 
Monticello. One of his directing principles was that 
“the scientist has not only a right to freedom of in- 
quiry ... but a necessity to exert this right at any and 
all times.” 
political attack and, conversely, of acclaim. He was 


His scientific activities were the source of 
proud to be president and an active member of the 
American Philosophical Society; a long list of other 
societies—here and abroad—of which he was a mem- 
ber, is given. 

He announced that he 
Certainly he was in error in some of his conclusions but 


was an amateur in science 


never in error in his scientific interest. His work pro- 


duced “a greater humaneness in society, a greater 
tolerance in religion, a greater spirit of freedom for 
scientific inquiry.” 

Marjorie B. SNYDER 
Washington, D.C. 
BORDER 


BIRDS SOUTH OF THE 


Birds: Sased Upon an 
Ornithological Nuevo 
Leon, and Coahuila, with an appendix briefly de- 
Mexican birds. George Miksch Sutton 
282 pp., 16 color plates, and 65 pen-and-ink drawings 
by the author. $10.00. University of Oklahoma Press, 


Norman. 1951. 


Mexican First Impressions 


Expedition to Tamaulipas, 


scribing all 


HIS is the story of a field naturalist at work on 
an expedition that has unleashed him in a new 
fauna and flora. The naturalist happens to be a seasoned 
ornithologist of great repute and a distinguished bird 
artist, but this in no way dampens his enthusiasm for 
new experiences nor sullies the keenness of his obser 
vations. Rather, it augments his powers as a writer and 
enables him to convey the excitement of his discoveries 
until the reader tingles at the mere mention of some 
strange bird or weird call that has fascinated the author 
The first part of the book (186 pages in 32 numbered 
parts) deals entirely with a ten weeks’ expedition into 
northern Mexico, such as any bird-minded tourist might 
make. The author and his colleagues, Thomas D. Bur- 
leigh and the late James B. Semple, did not venture 
very far from the Pan-American Highway, but they 
certainly found bird-adventure aplenty and made every 
minute count. Places like Mesa de Chipinque and Santa 
Rosa near Monterrey and the Rio Sabinas near Victoria, 
register on ordinary maps of Mexico, 


circled in red hereafter by any orni 


which barely 
certainly will be 


thological traveler planning a trip south of the border 
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The reviewer has been particularly impressed by the 
author’s phonetic interpretations of the many unusual 
bird songs and calls and his short, snappy descriptions 
of the birds themselves, which in a few words give a 
faithful picture, not only of the birds’ colors, but of 
their behavior as well. His descriptions of the mountains 
and deserts, the rain forests, the natives, and his own 
exhilaration are equally vivid. 

Interesting as is the first part of the volume, the 
appendix of 70 pages may be even more useful to a 
bird-lover planning a trip into Mexico, for it lists 
and briefly describes all the species that have been 
reported from Mexico, and for which there is, as yet, 
no convenient handbook. About 750 species are included 
in the appendix, of which some 350 do not get north 
of the Mexican border. The species found in the United 
States and covered by various handbooks are merely 
mentioned, but the Mexican species are briefly de- 
themselves, 
with notes as to where they occur, They are arranged 


scribed and helpfully compared among 


in their families in the customary phylogenic order, but 
there is no discussion of the families. Ornithologists, 
familiar only with North American and European birds, 
will find fifteen new families listed for Mexico, not in- 
cluded in their familiar handbooks, and they doubtless 
would have appreciated a short paragraph in_ the 
author’s graphic style, telling them how to distinguish a 
honey-creeper from a warbler or a woodcreeper from an 
ovenbird or an antbird. However, the 65 lifelike draw- 
ings of typical members of each family go far to make 
up for this desideratum, and the 16 beautiful color plates 
not only make the volume more attractive, but like- 
wise help the reader to feel familiar with birds of 
which he may thus far have only dreamed. 

Since this is the first handy volume dealing with 
the birds of Mexico, it should go far toward stimulating 
more interest in the birds along the Mexican highways, 
and lead to the preparation of handbooks comparable 
available to bird for the 
United States and Canada. 

A convenient, 23-page index lists all the birds con- 


to those students birds of 


sidered in the text, both by common and by scientific 
names. 

ARTHUR A. ALLEN 
Department of Zoology 
Cornell University 


IN SEARCH OF RAPPROCHEMENT 


The Integration of Behavior, Volume 1: Basie Postu- 
lates. Thomas M. French. xi+272 pp. $5.00. Uni- 
versity of Chicago Press, Chicago. 1952. 


ANY discussional battles have been waged by 
adherents (some might more accurately be 
called disciples) of the pro- and antipsychoanalytic 
camps. These generally result in more heat than light 
and in most cases are devoted to the merely negative 
purpose of disproving the opposition. Recent years 
have seen some cessation of this warring in favor of a 
more dispassionate approach to differences of opinion, 
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with emphasis on ways of reconciling such 
One such method is to examine the degree to 
“cognitive maps” of the pro- and anti-for 
might be brought to, overlap. The common ¢ 
camps is to better understandi; 
dynamics of behavior; the dispute between th 
centered around the possible paths to follow 
ing this understanding. 

Dr. French, whose book is considered hy 


obtain a 


sociate director of the Chicago Institute fo: 
analysis. A well-known psychiatrist, he is on 
willing to concede that the gospel according 
may not contain all the answers. In this bo 
tempts to provide an explanatory integration o! 
analytic theory with learning theory by presenting facts 
and documentation attained through a detailed analysis 


PSV ho- 


of the thoughts, acts, and dreams of one person durin 
two years of psychoanalytic treatment. The rap proc} 
ment sought 


involves an attempt to harmonize 1 
views of Freudian or neo-Freudian doctrine with jde. 
about the learning process as presented by Pavlov (con. 
ditioning), Kohler (Gestalt 
and ‘Tolman 


insight Lewin field 
theory iP 
maps). 


The purpose of this synthesis is to shed new light 


(purposivism and 


cognitive 


on how elementary human reactions are acquired and 
combined into coordinated and meaningful behavi 
patterns. As Dr. French says, 
starting with the common-sense notions of moti\ 

tion and insight, we shall try to construct a picture o! 
the integrative apparatus and how it works and shal 
check this picture against the clinical data of our cas 
history. We assume as our working hypothesis that ra- 
tional behavior and neuroses and dreams have much i: 
common and that in irrational behavior we should find 
fragments of the integrative mechanism that we must 
postulate to account for rational behavior. 

The question of why working from irrational to r- 
tional behavior is preferred to working from rational 
to irrational is not considered. ) 

Discussion in the book is organized under the fol! 
Problem and Method, (2 


Systematic Analysis of Common-Sense Assumptions 


ing section headings: (1 
3) Integration and Disintegration of Purposive 5 
havior, (4) Effects of Frustration, (5) Present an 
Past, (6) The Modifying Influence of Sleep, and 
Reconstruction of the Integrative Process. 

The present volume, the first in a series of five, 
concerned with presenting the basic postulates. Su 
sequent volumes are to provide further examinati 
of the integrative process as reveaied in clinical dat 
It is to be hoped that in these volumes the anchorin: 
and amplification of the integrative process will 
supported not only by an analysis of clinical data | 
also by other relevant approaches to the problem. | 
this first volume, the effect to demonstrate how t 
various contributions to an understanding of the integ! 
tive process overlap has been more successful in U 
theoretical discussion than in its application to 
interpretation of clinical case material. 

Dr. French has done a big job in laying the 
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Gerorce F, J. LEHNER 
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»f California, Los Angeles 


HYPOTHESES IN COLLISION 


is: Their Origin and Development. Harold C. 
Urey. xvii+ 245 pp. $5.00. Yale University 
New Haven, Conn. 1952. 


Press, 


l IS a significant event for such a noted chemist 


as Dr. Urey to turn his attention to the planets and 
their origin and development, for, as he states: “Much 
{ the detailed knowledge of all physical sciences is 
necessary, directly or indirectly, for an understanding 

f the origin of the solar system.” The book contains 
, mass of information that alone would make it valu- 
ible. 

Dr. Urey attempts to explain the chemistry and phys- 
cs involved during the evolution of the proto-planets 
{ Kuiper’s dust-cloud hypothesis into the planetary sys- 
tem, with a loss of 97-98 per cent of the mass of the 
proto-planets. He adds the postulate that planetesi- 
mals, silicate, and iron objects much like the present 
meteorites, condensed with the developing _ planets, 
formed the main masses of the terrestrial planets and 
the moon, At the right temperatures and pressures, liq- 
iid water and ammonia, by wetting cosmic dusts and 
condensing silicates, made them sufficiently “sticky” to 
coalesce into planetesimals. 

One might wish that Dr. Urey had been more skep- 
tical in reference to information, had correlated and 
evaluated it more carefully, and had been more familiar 
with celestial mechanics, for there are far too many 
errors and inconsistencies in his treatise. 

Perhaps one difficulty is that he is attempting to de- 
velop a basically untenable hypothesis, for, in common 
with all evolutionary hypotheses, angular momentum, 
as ter Haar wrote in 1948, “. seems to present un- 
surmountable difficulties.” 

\mong the errors and inconsistencies in Dr. Urey’s 
speculation the following might be mentioned. The 
proposed mechanism to account for the escape of ter- 
restrial mercury seems impossible, and that to account 
lor the enormous depletion of neon, both obscure and 
nadequate, The velocities assigned to planetesimals 
that hit the moon are incompatible with celestial me- 
rhe argument to show that the Disco iron and 
the small specimen of native iron in nearby basalt proves 


| 
chanics 


the existence of subterranean metallic iron is inconclu- 
‘ive, The suggested degasification of iron meteorites 
by close approach to the sun is impossible unless meteor- 
e formed near or within the orbit of Mercury. 
lhe suggestion that solar radiation dissipated the excess 


It€S W 


materials of the proto-planets is questionable for reasons 
onservation of momentum. The assumption 
teorites are planetesimals formed in the proto- 


seems less consistent with observational data 


than the usual assumption that they are fragments of 
an exploded planet. The statement that Kant’s hypoth 
esis was rejected for inadequate reasons seems to be 
unfounded, for its rejection was due to its failure to 
account for angular momentum. 

In a sense it seems futile to consider hypotheses 
of the origin of the planets that fail to account for the 
distribution of angular momentum in the solar system. 
Russell-Dugan-Stewart’s statement, written in 1926 is 
still true, that no process has ever been imagined to 
account for angular momentum in evolutionary hypoth- 
1951, ter Haar wrote this reviewer: 


electro-magnetic 


eses. In January 


I have effects may have 
been responsible for the slow rotation of the sun. I do not 
attach much importance to this speculation. I would like 
to stress .. . the difficulty is the slow rotation of the sun. 


One has to find a mechanism which slows down solar 


suggested 


rotation! 
Finally, Whipple wrote the reviewer on March 26, 
1952: “The general tendency at present, as you will 
note in Kuiper’s discussion, is to ignore the whole 
problem of residual angular momentum in the sun 
and to assume that, since stars like the sun have low 
rates of rotation, there must be some other process at 
work.” 

P. S. PALMER 


125 N. W. 60th St., Miami 37, Florida 


HANDBOOK FOR TRAVELERS 


Geologic Guidebook of the San Francisco Bay Counties: 
History, Landscape, Geology, Fossils, Minerals, In- 
dustry, and Routes to Travel. 392 pp. Llus. $2.50. 


State Division of Mines, San Francisco 


California 
1951. 

HIS guidebook is divided into seven parts, com- 

prising thirty-two separate papers. The spirit of 
cooperation that made the volume possible is empha 
sized by the fact that twenty-eight separate authors from 
many different organizations and institutions contributed 
to this work, which was produced under the supervision 
of Olaf P. Jenkins. 

First, several criticisms are in order: (1 
book professes to be for the general public, but at times 


abounds in technical language. (2) A large nontechnical 


[he guide 


map with all place names mentioned in the text would 


have been desirable. (3) A diagram showing all forma- 
tion and stage names used might have been helpful 
+) There is repetition between some articles, and 
others contradict one another in minor details. (5) A 
few writers used their articles to propound favorite 
theories, and some of the sections, such as that on fault 
history, could have been expanded. (6) Though the book 
is primarily geological, a short essay on local botany 
and zoology might have been included. The index 
is incomplete 

The over-all eflect 
The regional history by Dorothy Jenkins gives a back- 
lost. All the 
enhance the area’s unique setting. Landscape history, 
though 


however, is extremely pleasing 


ground that is nevet historical accounts 


geologic history, and prehistoric life sections, 
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technical at times, are interesting and, in general, clear. 
Although fourteen of the thirty-two papers are devoted 
to the mineral industry, one does not feel that the 
subject is discussed at too much length. The section on 
water is well written, but arouses the desire to know 
more. In the final section, the guided tours along the 
region's major scenic highways will provide pleasant 
trips for many Sunday travelers. This guidebook has 
already attracted wide interest in the Bay Region, and 
serves not only as an aid to the layman, but also as a 
tribute to the interests of the Division of Mines of the 
State of California. 

ARTHUR A, MEYERHOFI 
Palo Alto, California 


SPW 


BRIEFLY REVIEWED 


Electrical Communications Experiments. Henry R. 
Reed, T. C. Gordon Wagner, and George F. Cor- 
xix +621 pp. Illus. $8.50. Wiley, New York. 


coran. 
1952. 


HIS is a carefully arranged selection of experi- 

ments to carry the student in communications en- 
gineering through about four semesters of work in cir- 
cuits. The book has four parts, with fifteen experiments 
in each part, treating in sequence the topics “D-C 
Fundamentals,’ “A-C Fundamentals,” “Engineering 
Fundamentals,’ and “Radio Schools 
using this text would therefore require no other labora- 
tory manual in circuits until students reach the topics of 
and ultra-high-fre- 


Engineering.” 


antennae, industrial electronics, 
quency phenomena. 

The outstanding feature is that the theory under- 
lying each experiment is presented in compact but clear 
form as an integral part of the laboratory work. This 
gives the student something specific to study in prepara- 
tion for the laboratory and shortens or perhaps obviates 
the usual preliminary laboratory lecture. Another good 
feature is the regular durable book binding consistent 
with the student’s other books. 
of the present trend 
communications as essential to nearly all branches of 


Because toward considering 
engineering, these experiments might also be recom- 
mended for power majors in electrical engineering. 

An adverse but perhaps unimportant criticism is that 
the authors do not quite follow through on the pub- 
lisher’s cover statements regarding material on uncer- 
tainties in electrical measurement. Some discussion of 
measurement errors is given in an introductory chap- 
ter, but it is doubtful that sophomores could follow the 
argument. This is better than ignoring the subject, 


however. 


The experiments seem to give a great deal of value 
| 


for the budget dollar. 
J. M. Cace 


Department of Electrical Engineering 


Purdue University 
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Algae of the Western Great Lakes Area. G 
cott, xili+ 946 pp. 136 plates. $10.50. Cra: 
stitute of Science, Bloomfield Hills, Mich. 


MERICAN students of fresh-water a 

long needed a book where descriptions ; 
to the species. Since the vast majority of 
fresh-water algae are of world-wide distribution, Pres. 
cott’s treatise, although limited to the algae of Mich; 
gan and Wisconsin, will be of great service to phycoly 
gists in all parts of this country and in other countries, 

The book begins with two introductory sections en 
titled “Geographical Features and Algal Distribution” 
and “Relationships of Phytoplankton to Lake Productiy. 
ity.” The major portion of the book is devoted to the 
various divisions (phyla) of algae, with descriptions and 
keys for classes, orders, families, and genera of each 
division. For each genus there is a key to the species, 
and a description and one or more illustrations of eact 
of the species. The illustrations, many of which hav 
not been published before, are of high quality, and their 
accuracy should aid materially in identifying species 
unknown to those using the book. 

The systematic section is followed by a comprehensive 
key for all genera of the area, Included in the key, an 
designated by asterisks, are certain genera that might be 
expected to occur in the area, but which thus far 
are unreported. In the index each species has a refer 
ence both to the page on which it is described and th 
plate on which it is illustrated. 

This book is the summation of many years of work 
by Professor Prescott in Michigan and Wisconsin. It 
is a scholarly product by a competent authority wl 
bases his descriptions upon firsthand knowledge gained 
from a study of living specimens. 

GitBert M. Sire 
Department of Biological Sciences 
Stanford University 


Urine and the Urinary Sediment. Richard W. Lippmai 
xii+ 128 pp. Hlus. $7.50. Thomas, Springfield, | 


1952. 


rk. LippMAN’S manual and atlas succeeds in 
+ 


principal aim—to contribute a collection of color 
photographs of urinary sediments, “which _ preserv 
subtle differences in shade and fefraction that mak 
the reproductions recognizably similar to actual micro 
scopic observations.” One may question, for exampl 
whether an field 
“cast,” but all will find the 56 cclor plates highly 
attractive—most of them of excellenc 
Although the brief and helpful text is not otherwis 
remarkable, the book has considerable pedagogi valu 
for students, as well as practical and aestheti valu 
It consists nominally of 128 pages 


occasional blob in a is actually 


surpassing 


for physicians. 
counting color plates, legends, and blank pages, 4! 
may seem to some overpriced. 

A. V. Wou 
Department of Physiology 


d {/ban y Me dical College 
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Pres. Inder Sea Wind. Rachel L. Carson. 314 pp. $3.50. 

ok In. Ox! University Press, New York. 1952. 
, HIS is a reissue of the 1941 edition with less fore- 
‘= on and fewer illustrations and without change 
carried vination. According to an obscure note on 
cies of h the title page, this edition is “with correc- 
ion, Pres. ese have not been made in the glossary, 
of Michi whicl iid have profited from an overhauling. Al- 


mplification may be desirable in a popular 
many of these definitions «:e simply bad oi 
ology. Another unfortunate feature of this 
m is the manner in which the publishers have 


phycolo- 
intries, 

tions en- 
'ribution” 
lown the information that it is actually a re- 


roductiv- plaved 
ed to the nie: Jor. W. Hevoperu 
tions and ps Institution of Oceanography 
of each | Jolla, California 
‘ = i Book of Snakes. John Hoke. 69 pp. Illus. 
i hae ». Watts, New York. 1952. 
and their S INDICATED in the title, this is an elementary 
y species discussion of snakes in general. Well written, 
a simple style, and attractively illustrated with nu- 
rehensive nerou drawings, some in color, it has a greal deal of 
key, anc nformation on the life histories and habits of different 
might be kinds of snakes, poisonous and nonpoisonous. The chap- 
thus far ter entitled Don’t Believe It refutes popular myths and 
a refer- false beliefs about snakes. There is a chapter on Snakes 
and th as Pets 
\ll in all, it is interesting, good reading for the juven 
of work e, and I have an idea that the average parent, reading 


nisin. It the book over the boy’s shoulder, will learn more about 

ity who snakes than he ever knew before. 

» gained W. M. Mann 
Vatior al Zoological Park 

. SMITH Washineton, D. C. 


e Living Tide. N. J. Berrill. 256 pp. Illus. $4.00. 
Dodd, Mead, New York. 1951. 


HE Livinc Tine is an entertaining account of the 


ld. Il seashore life of our eastern coast from Newfound- 

ind to the Gulf of Mexico. Dr. serrill tells of his e€X- 

‘s in a simple, straightforward manner, so that 

$ in its the layman unfamiliar with the ocean and biology will 

of color be able to follow the stories with comparative ease. 
reserve larks, seals, and cod—jellyfish, snails, and shrimps 

t make all are introduced to the reader in fascinating detail. 

micro though the book is, in a sense, for the novice, there 

ample, ire Many accounts, such as the history and distribution 

rally a f the horseshoe crab and the reproductive cycles of the 


highly yster and the jellyfish, which will be of interest to 
lence th vanced student. 

Lewis ‘though the book is quite readable, Berrill’s style 

value acks the smoothness and imagination of such contem- 

valut porary writers as Gilbert Klingel, Rachel Carson, and 

pages il] Beebe. But the author's long experience with 

Ss, and mar life and his choice of subjects far offset this 

k. Berrill’s scientific facts are for the most part 

although this reviewer is qualified to judge 

sections dealing with mollusks. The life of the 

ail, and squid are presented in an entertaining 


and factual manner, but some students of mollusks may 


question his belief that moon snails (Polinices) are 
hermaphrodites, or that they bore through clam shells 


with the aid of acid. 
eat. ae R. ‘Tucker ABBOTT 
UU’. S. National Museum 


Washington, D.C. 


Caravan: The Story of the Middle East. Carleton S. 
Coon. vili+376 pp. Illus. $5.00. Holt, New York 


1951, 


HIS volume’s main interest is the Islamic way of 


life. Dr. Coon thinks that we of the West are 
today faced with problems the East has already solved 
the problems of diminishing resources and increasing 
population—and that we should therefore look east- 
ward for such wisdom as we may acquire. Civilization 
came from the East, but we have forgotten, he thinks, 
one of its fundamental tenets. 

The principle that we have forgotten, the principle 
that welds Islam into a flexible, enduring equilibrium 
which he fears we will irrevocably upset with our 
mechanized industrialism—is that of specialization of 
function. Every individual in the Middle East—how 
ever low or however high his status, however intelligent 
or however dull his wit—is skilled in one thing, and 
that one thing he does with skill. Coon says that the 
system of a society must be right. If the system is right 
we can survive our other foolishnesses; if the system is 
wrong our other virtues cannot save us. He seems to be 
at a loss in accounting for this wisdom of the East. | 
am therefore tempted to point out that the theory of 
the division of labor is Plato’s theory of justice in the 
Republic. Nor does Plato claim to have made a dis 
covery; he was attempting, as Dr. Coon is attempting, 
to recall to his erring people their inherent although 
forgotten wisdom. 

This is only the essence of Dr. Coon’s book, the 
theory. Its bulk describes the division of labor in 
practice, with much relevant information. The Middle 
Eastern people are a homogeneous race, the Mediter 
ranean. He has measured their skulls, their jaws, legs, 
and spines, and knows the color of the skin under thei 
arms. What the psychologists do not know about us the 
anthropologists apparently do. The country of the 
people whose armpits are pink boasts three kinds of 
deserts, several religions, a modicum of rainfall, and 
the ideal situation of being at the crossroads of thi 
world. 

It is social organization that chiefly concerns Coon 
the relation of villages to nomads, of nomads to civili 
zation, of towns and cities to caravans, of aristocrats 
to slaves. This cuts across many fields, not the least of 
which is history. Muhammad strides into the pages, and 
so does Hulagu. I believe Dr. Coon to be right 
Westerners should step outside their own world, at 
least long enough to read this book and learn some 
thing of values other than their own. 


viet HUNTINGTON CAIRNS 
National Gallery of Art 


Washineton, D. C. 





PACIFIC DIVISION - 


AAAS 


Thirty-third Annual Meeting 
June 16-21 at Oregon State College, Corvallis 


Memorial Union Building, Meeting Headquarters 


LDEST of the geographic divisions of the AAAS, 
the Pacific Division embraces the states of Cali- 
fornia, Nevada, Oregon, Washington, Idaho, and Utah; 
it reaches across the international boundary to include 
British Columbia and beyond the continental limits of 
the U. S. to take in Hawaii. Until Alaskans set up their 
own division in 1951, Alaska was also part of its domain. 
The division was established in 1915 to serve the 
needs of the rapidly increasing number of scientists in 
the Far Western states, and it has consistently func- 
tioned as a service organization. Typically, at Corvallis, 
the division’s program will consist of a symposium on 
basic research in relation to agriculture and forestry, 
a picnic supper on Mary’s Peak, and three evening 
addresses: F. W. Went will speak on “Climate and 
Plant Growth;” H. A. Spoehr, president of the division, 
on “Society in the Grip of Science;” and Henry Eyring, 
on “Some Important Chemical Reactions in Agriculture 
and Forestry.” 

The rest of the meeting consists of sessions of affili- 
ated and associated societies. The American Chemical 
Society has scheduled a Pacific Northwest Regional 
Meeting under the direction of its Oregon Section. The 
Oregon State College Branch has arranged a day of 


314 


sessions for the American Meteorological Society. The 
American Phytopathological Society will meet two days 
and spend Saturday in the field. The Western or Pacifi 
sections of the American Nature Study Society, the 
American Society of Horticultural Science, the Ameri- 
can Society of Ichthyologists and Herpetologists, the 
American Society of Limnology and Oceanography, the 
American Society of Plant Botanical 
Society of America, Ecological Society of America, So- 
ciety of American Foresters, Society of Systematic Zo- 


Physiologists, 


ology, and the Biometric Society have all arranged an- 
nual or regional programs of considerable significance. 
In addition, the Herpetologists League and such re- 
gional organizations as the Association of Pacific Coast 
Geographers, the Cooper Ornithological Club, Pacific 
Northwest Bird and Mammal Society, and Western 50- 
ciety of Soil Science will hold full-scale meetings. 
The time of the meeting and its setting in Oregon's 
fertile and populous Willamette Valley offer every it- 
ducement to attend the Pacific Division’s 1952 meeting 
Additional information may be obtained from Robert 
C. Miller, California Academy of Sciences, San Fran- 
cisco, or from Leo Freidman, Oregon State College. 
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